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INTRODUCTION 



Throughout the history of firearms, gun noise has been of con- 
siderable concern to the military. Prior to firing, anticipation of the 
ear shattering effects tends to make the gunner flinch, resulting in 
a consequent deterioration of his aim. After firing, the gunner is 
usually in a state of temporary deafness. To the enemy, gun noise 
reveals presence and, often, the location of the firer, thus inviting 
defensive or offensive reaction. From the above alone it becomes 
evident that a "silent 1 ’ weapon is to be found indispenable in covert 

operations. 



Of the various noises associated with firing a convention. 1 
small arms weapon, the most significant is the muzzle blast caused 
by escape of propellent gases after the projectile exits from the 
barrel. Hundreds of patents, war and police records, and other 
literature are witness to the efforts, for nearly a century, to elimi- 
nate small arms muzzle blast. Notwithstanding time, effort, and 
interest, no completely satisfactory silenced weapon has yet been 
produced. 

The lack of theoretical literature on silencing a firearm testifies 
to the still inadequate understanding of the principles of sound gener- 
ation and attenuation in a small arms weapon. Perhaps the failure to 
theoretically define noise problems can be attributed to the virtual non- 
existence of thorough and reliable experimental sound data from 
existing silenced and unsilenced weapons. This lack of experimental 
data is partially due to only recent development of adequate sound 
measuring equipment 18 * and partially due to the complexity of the 

problem. 

This report is intended to give an insight into the present state 
of knowledge of silencing a small arms weapon. Essentially, the 
contents consist of physical, functional, and acoustical data on an 
array of silenced weapons felt to be representative. The sound eval- 
uation presented here is cursory, primarily because of the complexity 
of the problem. First, the gun muzzle noise is only one"* of the many 
possible noises being generated by each given system. Second, the 
sound of interest is directional and attenuates nonlinearly with distance. 



'“See Bibliography. 

** 

See, for example Appendices A and B 
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3. Air or propellent gas discharge {or inflow) following pro- 
jectile exit. This consists essentially of the initial uncorking of 
internal system pressure, the subsequent discharging jet turbulence, 
and the effects due to reflections of these inside the system. 

The three noise sources are relatively independent of each other and, 
consequently, require different techniques for their attenuation. Thus, 
when designing or evaluating a silenced weapon it is usually necessary 
to treat each noise source individually. 

A projectile traveling in a gun barrel accelerates and compresses 
the air immediately ahead of it. The precursor pressure wave thus 
generated is substantial in most weapons, even the ones with subsonic 
projectile velocities. Prior to exit from the gun barrel, the precursor 
wave front generally consists of a shock which reaches a pressure of 
several atmospheres. Upon exit from the gun barrel, the precursor 
wave gives rise to a positive sound pulse in the far field. The sound 
pulse is generally of a sawtooth configuration, beginning with a shock 
and ending with an exponential pressure decay with time. In some si- 
lenced weapons this precursor sound pulse constitutes the dominant 
noise source. 

The abrupt exit of the projectile itself generates a substantial 
noise in some silenced weapons. This is especially common in weap- 
ons whose silencer exits are partially or completely restricted by 
flexible materials, such as sponge, rubber, felt, etc. In these cases 
the exterior surfaces of deforming flexible material and the moving 
projectile generate sound. To a certain extent the same phenomenon 
also exists when the projectile emerges through a hole in a baffle. 

These effects can be expected to occur even when the projectile is 
neither followed nor preceded by high gas or air pressures. The 
sound signature in the far field due to abrupt projectile emergence 
from the muzzle consists usually of an N -wave pulse. The magnitude 
of this pulse depends primarily on the projectile velocity, diameter, 
and length, and on the silencer muzzle configuration.* 

In an unsilenced subsonic weapon, the hot propellent gases dis- 
charging into the atmosphere after the projectile exit constitute the 
dominant source of muzzle noise. The initial sound pulse is generally 
similar in shape to the precursor pulse described above, but substantially 

This phenomenon is not to be confused with designations on scope 

traces where "Projectile Exit" is meant to represent the general 
time of an event. 
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greater in magnitude. In many unsilenced weapons this muzzle 
blast exceeds the limits of the firer' s auditory safety and can be of 
sufficient magnitude to stun him. In silenced weapons, the major 
portion of the propellent gas generally escapes into the atmosphere 
after the projectile exists from the silencer. However J by this time 
the gases have expanded to the total volume of the system and the 
gas pressure behind the exiting projectile is low with a correspondingly 
low resulting sound pulse pressure. The sound pulse is again similar 
in shape to the precursor pulse; however, it may be further modified by 
wave reflections within the silencer. 

Blow-by is the leakage of propellent gases past the projectile 
while it is still inside the weapon. This condition occurs due to any 
significant clearance between the projectile and the gun barrel or 
silencer. Since the accuracy of the weapon is generally impaired if 
the projectile touches any hard surface after leaving the gun barrel, 
most silencers are designed with an adequate projectile clearance. 

In some silencers this clearance is so large that a good portion of the 
propellent gas escapes prior to projectile exit, and blow-by represents 
a significant sound source in the system. The blow -by sound pulse is 
generally a positive shock, followed by an exponential pressure decay. 

In come cases, when the projectile velocity is high, the blow-by can 
arrive at the silencer exit at almost the same time as the projectile. 

In this case the blow-by sound pulse will merge with, rather than pre- 
cede, the main gas discharge sound pulse. 

Theoretically, a gas or air jet discharging into the atmosphere 
at a steady rate should not generate any significant noise. However, 
due to turbulence ? 0 vorticity, and reverberation within the jet orifice, 
some flow fluctuation usually does occur. In some cases, this flow flue 
tuation is a significant source of noise (jet planes, turbines, etc. , are 
examples). In silencers, jet noise is generally substantially lower 
than precursor, blow-by, or blast noise. However, in some silencers 
the jet noise becomes predominant. This is especially the case when 
precursor, blow-by, and blast effects are substantially attenuated, 
as in the Maxin and Sten gun silencers. The jet noise can also become 
significant when the silencer baffle spacing is such that the baffled 
chamber resonance corresponds to the natural frequency of the dis- 
charging jet. In such cases both the amplitude and the dominant fre- 
quency of the jet noise can be substantially altered by changing the 
baffle spacing within the silencer. 



Presently the exact relationship between a sound signature and 
the corresponding effects occuring in a silenced weapon is only vaguely 
defined. It is known, however, that generally the magnitude and 
duration of any given sould pulse are primarily dependent on the 
area through which a quantity of propellent gas or air is discharged 
to the atmosphere and on how this discharge varies with time.* 

In most silenced weapons the gas discharge area of interest is 
the silencer muzzle opening. However, to predict the gas discharge 
from the muzzle prior to projectile exit, consideration must also 
be given to blow-by clearances, volume, and internal configuration 
of the silencer. The gas discharge rate of a pressurized chamber or 
tube is determined by both the discharge area and the stagnation 
pressure of the gas. ^ The stagnation pressure varies inversely with 
the volume containing the gas. Thus, the silencer volume becomes 
a primary factor in determining the gas discharge rate immediately 
following projectile exit. Any significant change in the silencer vol- 
ume results in a corresponding change of the projectile exit sound 
pulse magnitude. In the case of system blow-by, the sound 
pulse is more dependent on the blow-by clearances, although often 
other factors also become significant. With the precursor wave, 
much lower pressures are encountered, and the more dominant role 
is played by silencer length.** 

The propellent gas pressure can also be reduced by heat ab- 
sorption. One method of effecting substantial heat absorption in the 
silencer is to increase the contact surface between the hot propellent 
gas and the heat absorbent silencer material. The heat conduction 
is maximized by using materials with high heat conductivity (e.g. , 
copper is good) and by exposing the gas to the heat absorbent mate- 
rial early in the expansion process when the temperature differential 
is greatest. A good example of the heat absorbing technique is 
found in silencers utilizing steel wools and wire screening. In most 
cases, however, the heat absorption is limited by the shoTt ballistic 
cycle times encountered in small arms weapons. 

Another method of effecting large heat losses in the silencer is 
to introduce a foreign substance, preferably a highly volatile solid 
or liquid, into the propellent gas just prior to projectile exit from the 

*Appendix C 
Appendix D 
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silencer. The substance evaporates by absorbing heat from the 

propellent gas thus reducing the internal pressure. The 
presumably successful application of this technique is to soak the 
silencer wire screening in oil. Water is also usable, but may pres- 
ent corrosion problems. The general principle, although not thoroughly 
investigated in the past, seems to have good possibilities. 

Froiri the foregoing it becomes evident that the sound signatures 
of most conventional silenced weapons are primarily determined by 
the silencer length, volume, blow-by clearance, and heat absorbing 
capability. Since in mo st silencer s the heat losses are small, the 
usual silencer components (such as baffles, "devious passages, 11 
etc.) have their main significance only in altering or reducing blow- y. 

Several exceptional silencing techniques- deserving mention 
may now be added to the above described principles. H. P. Maxim, 
in the early 1900's, patented and manufactured a relatively successful 
silencer with specially formed baffles. These baffles channeled the 
expanding propellent gases into a peripheral motion within the silencer. 
The generated vortex reduced the pressure at the center, thus reducing 
the propellent gas discharge rate from the silencer. Although to dale 
the principle lacks conclusive theoretical and experimental verification, 
superficially it seems sound. Except for the vortical gas motion, the 
Maxim silencer performed according to the principles previously 

described. 

During World War II, Germany developed several experimental 
silencers. One interesting version incorporated conical baffles, equally 
spaced along the silencer and inclined rearward. Although this tech- 
nique would not be expected to reduce the initial propellent gas dis- 
charge rate after projectile exit, it does have a natural tendency to 
reduce the precursor and the blow-by. This reduction can be attributed 
to the efficient inward reflection of all outgoing pressure waves within 

the silencer. 

Some of the above German World War II silencers incorporated 
a flexible (sponge, rubber, etc.) disk at the silencer exit (patented 
1936 in Germany). The disk closes off the internal silencer ca%dty un- 
less forced open by the exiting projectile. In this way the propellent gas 
is retained within the system until it slowly seeps out. i he rigidity of 
the disk ideally would be such that the precursor, blow-by, and ex- 
panding blast pressures would not deform it and yet the projectile could 

j. 

' Appendix E 
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force its way through. A variation of the technique is to distribute 
a series of these flexible disks throughout the length of the silencer. 
This design was utilized in some versions of British World War II 
Sten guns and Welrod pistols. 

Most silencers discharge the propellent gas solely through the 
silencer opening. A variation of this, not often encountered, is 
discharging pressurized gas through the periphery of the gun barrel 
or silencer. Although the technique as described in some silencer 
patents was probably unsuccessful, with proper gas discharge dis- 
tribution and timing this silencer type could prove very effective 
acoustically. 

A few of the early silenced weapon patents described mechanical 
means for restricting the rapid propellent gas discharge after pro- 
jectile exit from the weapon. One of these prescribed the use of a 
metal gate to close the gun barrel immediately after projectile pas- 
sage. The gate in this case was to be driven directly by the propellent 
gas following the projectile. Other patents described the same 
principle, but added a side-branch, gas-driven piston to activate the 
gate. Another patent described a weapon in which the projectile was 
driven by a piston of slightly larger diameter. The piston was to be 
stopped at the chocked barrel muzzle while the projectile would pro- 
ceed to exit. In this way the piston would trap the propellent gas inside 
the gun barrel. The patent did not prescribe an expedient method for 
extracting the piston from the barrel. Still another patent described 
an expansion chamber at fhe barrel nmizzle which would allow expansion 
and eventual trapping of an expandable piston driving the projectile. 

The propellent gas was to be trapped behind the piston and gradually 
released through small openings in the chamber. Although all of the 
above techniques seem sound, more often than not they are plagued 
by insurmountable design problems. Even if the above systems could 
be made operable, as described they would not be expected to effect 
any exceptional attenuation in noise. 



DESCRIPTION AND EVALUATIONS OF 
SILENCERS TESTED 

An array of readily available silencers and silenced weapons was 
tested at F rankford Arsenal. Since the information was collected over an 
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extended period of time, some of the sound histories were recorded 
at distances other than five meters. All measurements were made 
with either a Bruel and Kjaer{B&K) ,1/4 inch (Model 4115) or an Altec. 
i/2 inch (Model BR 150) condenser microphone. The microphone out- 
put was fed into an oscilloscope (Techtronix) and photographed for 
record. In a few cases the weapon sound history was first recorded 
by a tape recorder (Ampex 351) and then transferred to the oscilloscope 
and the camera film. In each case sufficient cross -correlation existed 
between various transducers and recording techniques to render the 
presented data, for all practical purposes, valid and reproducible. 

Throughout the tests the microphone, preamplifier, recording 
equipment, and recording technique were found to have a paramount 
effect on the validity of recorded sound data. Some microphone 
systems were found to have insufficient response while others dis- 
torted the signal with resonance. Both Altec and B&K microphone 
systems showed a pronounced tendency to distort the signal when 
measuring low intensity shock waves. They were almost completely 
free from resonance at higher sound levels. Although the specified 
frequency responses of Altec andB&K microphones are, respectively, 
11,000 and 75,000 cps, both gave relatively comparable results for 
the purpose at hand. The tape recorders are generally not recom- 
mended for recording shock type sounds, primarily because of their 
slow response (usually not higher than 20,000 cps) and vulnerability 
to overloading. With care, however, useful data can be recorded. 

Another problem encountered during the tests v/as the sound 
reflection from the ground. Incases where both the direct and re- 
fleeted sound signals were recorded, no perceptible loss seemed 
to occur through reflection from loose sand and sparse grass. The 
reflected signal was simply slightly smaller in amplitude for having 
traveled a longer distance from the source. Consequently, it was 
found necessary to place the microphones and weapon sufficiently far 
from the ground to insure receipt of only the primary signal. The 
further from the gun the measurements were taken, the higher the 
microphones had to be placed off the ground. 



Most silencers and silenced weapons tested were intended for 
standard subsonic ammunition, available commercially. Some 
systems, however, required special reduced charge cartridges. For 
tests, these rounds were prepared with appropriate type and quantity 
of propellant m yield projectile velocities substantially below the 
speed of sound. Since in some cases the projectile velocities intended 



by the system designers were not known, it is possible that the pre- 
pared and tested ammunition may have deviated slightly from that 
intended. It is doubtful, however, that this factor could significantly 
alter the sound results presented herein. Some systems, such as * 
the Sten gun, were designed for standard supersonic ammuntion. In 
these cases the barrel usually had propellent gas bleed holes to re- 
duce the internal pressure, thus reducing the projectile muzzle 
velocity. 

It is appropriate at this point to describe the methods whereby 
the weapon's major noise constituents, listed with each of the follow- 
ing sound scope traces, were identified. In most cases the first 
step consisted of examination of a sufficient number of the weapon’s 
scope traces to establish the recurrent character of the overall weap. 
on noise. Next, scope traces were taken with the whole weapon, ex- 
cept the muzzle, wrapped with attenuating material (a suede leather 
jacket was found to be a remarkably good attenuator). Noting 

the noise components on the trace thus attenuated or completely e- 

liminated, positive identification was made of the weapon's breech 

noise and the first noise emitted from the weapon muzzle. Following 

this, scope traces were made with the weapon muzzle taped over with 

heavy elastic tape. This determined the relative time of projectile 
exit from the weapon. 

The mechanical noises due to the weapon hammer and firing 
pin fall alone were determined by dry firing the weapon. In weapons 
with detachable silencers, the precursor shock exit time was es- 
tablished from scope traces of the weapon fired without the silencer. 
Next, an impulse-time diagram was constructed from the scope 
trace of the overall unmodified weapon noise. This established an 

approximate relationship between the propellent gas discharge history 
ox the weapon and and the scope trace. 

The times of the various noise-producing processes occurring 
m the weapon during the ballistic cycle were calculated from the 

or estimated projectile travel-time history. Analysis of all 
calculated and experimentally established data led to identification 

he major weapon noise sources listed with the following sound 
scope traces, * 



p c ice, all sound measurements and loudness judgements 
, 6 mac ^ e the presence of some type of background noise. Although 
e apparent loudness of a signal can often be altered substantially 
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by the background noise, presently there is no satisfactory means for 
predicting this masking effect. However, it is known that when the 
sound pressure level (SPL,) of a continuous signal exceeds the SPL 
of background noise by more than 10 db, the effects of background 
noise, for all practical purposes, can be neglected. If the same 
criterion is assumed for transient noises, then masking of the weap- 
on noise by the backgorund noise should become significant only when 
the background sound pressure exceeds about a third of the weapon 
sound pressure. All Franklord Arsenal sound traces were made with 
the background noise well below' tins limit. 



Caliber . 22 Hi-standard Pistol/French Silencer 



The "French" silencer is a recently manufactured item, designed 
for a caliber ,22 ora slightly larger caliber weapon. In all respects 
other than that its baffles are not perforated, this silencer of French 
origin is identical to a Parker -Hale "Sound Moderator 1 1 presently 
being manufactured commercially- in Britain. History and exact 
origin of the "French" silencer are unknown. 

The all-metal silencer tested (Figures 1 and 2) was adapted to 
a caliber . 22 Hi-standard semi-automatic pistol by threading the 
barrel. Inside, the silencer contained a series of metal baffles, 
spaced 0.43 inch apart. The first baffle was located 2. 37 inches 
from the gun barrel muzzle, presumably- to reduce stresses on the 
baffles and to provide an initial expansion chamber. The projectile 
passage diameter throughout the silencer was 0.28 inch. Outside, 
the silencer diameter and length were, respectively, 0.94 and 7. 31 
inches. Table 1 list s some of the more important physical and func- 
tional parameters of the Hi-standard pistol and the "French" si- 
lencer. 

Figures 3 and 4 show scope traces of the sound pressure-time 
history of the pistol without the silencer firing a I-ong Rifle cartridge. 

The traces were recorded five meters from and direcly to the side of the 
pistol muzzle. The three primary acoustical effects - primer initiation, 
precursor shock exit, and propellent gas blast - are distinctly visible on 
the traces. The highest sound impulse and peak sound pressure level 
(136 db) were due to the propellent gas discharge occurring after the 
projectile exited the barrel. The peak sound pressure level due to 
exiting of the precursor shock was 113 db. The primer initiation 
sound pulse was approximately 98 db. 
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igure 1. Cross section, Caliber .22 Hi-standard Pistol/French Silenc 
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Figure 2. Caliber , 22 Hi- stands rd Pistol /French Silcnc e r 



TABLE I. Caliber . 22 Hi-standard Pistol/FTench Silencer 



Projectile 

Weight (Long Rifle) 

Diameter 

Velocity (at silencer exit) 

Energy (at silencer exit) 

Travel at peak ballistic pressure (estimated) 
Travel in barrel 
Travel time in barrel 
Travel time in silencer 



Propellant 

Weight (double base, flake, web 0.003 in.) 
Chamber volume 



1.7 gr (+0. 2 gr 
primer) 
0. 016 in. 3 



Ballistic pressure 
Peak 

At barrel muzzle (estimated) 



24, 000 psi 
1 , 000 psi 



Silencer 

Passage diameter (for projectile) 

Weight 

Free volume 



0. 28 in. 

0. 25 lb 
2. 38 in. 3 



Pistol weight (without silencer) 



2. 75 lb 



Time between precursor and projectile exits from 
silencer (estimated) 



0, 95 ms 
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Figure 3. Sound Pressure-Time History, five meters to side, Caliber «22 Hi-standard Pistol 

(Unailenced) , Using Long Rifle Cartridge 
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Figure 4. Sound Pressure-Time History, five meters to side, Caliber .22 Hi-standard Pistol 

(UnBllenced) , Using Long Rifle Cartridge 









The sound signature of a Hi-standard pistol with the French 
silencer and using a Long Rifle cartridge is shown in Figure 5. In this 
case the sound pressures were substantially lower than with the unsilenc ed 
pi stol. The fir st di stinct sound perceived during the firing cycle wa s a pulse 
(pt 1 , Figure 5) generated about the time the firing pin hit the primer- 
Since at this time four successive functions - hammer fall, firing 
pin striking primer, primer explosion, and gas leakage around the 
cartridge case - occurred, the exact source of the first sound pulse 
is not definite. However, experiments with other systems indicate 
that, generally, by far the loudest pulses are generated by the gas 
leakage around the cartridge case and by the hammer fall. The 
firing pin striking the primer is generally somewhat louder in weap- 
ons without a hammer. 

The next sound after primer initiation was the precursor wave 
exiting from the silencer muzzle. This sound pulse (pt 2) , because 
of its low amplitude, is barely distinguishable in the trace. Shortly 
after the precursor, the blow-by pressure wave (generated by the 
leakage of propellent gases past the projectile) exited. Exit of this 
pressure wave gave rise to a pulse of 117 dp peak SPL. The pro- 
jectile exited the silencer 0. 3 millisecond after the blow-by wave. 

It 9 exit was followed by the main efflux of gases, which resulted in 
the positive pulse of 119 dp peak SPL. Following the projectile 
exit and initial gas efflux, the steady discharge of propellent gases 
gave rise to turbulence which, combined with reverberations within 
the silencer, generated a prolonged noise (pt 5) of approximately 
1D5 db peak SPL. 

Sound signature of the caliber .22 Hi -standard pistol without 
silencer, firing a Short cartridge, is shown for reference in Figure 

6. 



Caliber . 22 Silenced Hi-standard Pistol 



During World War II, the U. S, Infantry Board established 
interest in silenced weapons. ^ A variety of weapons, including the 
silenced caliber ,22 Hi-standard pistol (Figures 7, 8, and 9, and 
Table II), were given consideration. It was concluded that all si- 
lenced weapons were bulky and still detectable at close ranges. Be- 
cause of low lethality, it is doubtful if the Hi-standard pistol described 
herein found very wide application. 
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y ■ 108 jibars/cm 
x - 0.5 ms/cm 
1 cm - 1 major division 
Microphone: B&K. 4135 
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( 3 ) Projectile Exit from Barrel 
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Figure 6. 



Sound Pressure-Time History, five meters to side, Caliber .22 fli-standard Pistol 
(Unsilenced) , Using Short Cartridge (29-gr projectile; velocity, 1050 fpfl; peak 
pressure, 16000 psi) 
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Figure 7. Cross section, Caliber .22 Silenced Hi-standard Pistol 






Figure 8. Caliber .22 Silenced Hi-standard Pistol 





Figure 9. Caliber .22 Silenced Hi-standard Pistol, Disassembled 





TABLE II. Caliber .22 Silenced Hi- standard Pistol 



Projectile 

Weight (Long Rifle) 

Diameter 

Velocity (at silencer exit) 

Energy (at silencer exit) 

Travel at peak ballistic pressure (estimated) 
Travel in barrel 
Travel time in barrel 
Travel time in silencer 



40 gr 
0. 225 in. 

930 fps 
75 ft -lb 
0. 4 in. 

6. 2 in. 

0. 65 ms (approx) 
0, 22 ms 



Propellant 

Weight (double base, flake, web ^ 0. 003 in.) 
Chamber volume 



1. 7 gr (+ 0. 2 gr 
primer) 
0. 016 in. 3 



Ballistic pressure 
Peak 

At barrel muzzle (estimated) 



24,000 psi 
90 psi 



Silencer 

Passage diameter (for projectile) 0.234 in. 

Weight (excluding gun barrel and pistol) 0.63 lb 

Free volume 

Around gun barrel (including barrel holes) 1. 84 in. 3 

In front of gun barrel 0, 76 in. 3 

Wire mesh volume 

Rolled (around gun barrel) 0. 79 in. 3 

Discs (front of barrel) 0, 35 in. 3 



Gun barrel and pistol weight 



2. 37 lb 



Silencing of the Hi-standard pistol has been accomplished 
essentially by drilling the barrel and enclosing it in a silencing tube. 
The barrel has four longitudinal rows of ’’bleed" holes, 0. 125 inch 
in diameter and spaced 0. 250 inch apart. The primary function of 
the holes is reduction of the ballistic pressure which, in turn, also 
reduces the velocity of a supersonic Long Rifle cartridge below the 
speed of sound. 



The silencing tube surrounds and extends beyond the pistol 
barrel. At the rear it is attached to the threaded receiver extension, 
while at the front it terminates with a threaded cap. Inside, the 
tube contains a roll of brass wire mesh surrounding the barrel and 
a stack of wire mesh discs extending beyond the barrel muzzle. The 
wire screening is presumably intended for cooling of the propellent 
gases. Projectile passage through the front portion of the silencing 
tube is 0.234 inch in diameter. The silencing tube diameter and 
length (beyond gun barrel) are, respectively, 1.0 and 2.5 in. 

Figure 10 shows the sound pressure-time history of the silenced 
Hi -standard pistol. The sound trace, like that of the French silencer, 
was taken five meters to the side of the pistol muzzle. As can be seen 
from the scope trace, the pistol' smain sound sources were: primer 
initiation (pt 1, Figure 10), bleed hole blow- by (pt 2), and projectile exi 
(pt 3). The primer initiation pulse, which was predominatly due to 
propellent gas leakage around the cartridge case, had a peak SPL 
of 98 db. The next sound pulse (pt 2) was generated when the blow-by 
occurring through the bleed holes exited from the muzzle. Although 
this sound pulse had a relatively large impulse, its peak SPL was 
only 101 db. Shortly after, the blow-by wave, originated at the gun 
barrel muzzle, exited. This event occurred almost simultaneously 
with the projectile exit. The combined effect of blow-by and gas 
discharge following the projectile exit resulted in a positive pulse 
(pt 3) of 113 db peak SPL, Following this, several sound pulses occurred 
(pt 4) due to propellent gas discharge turbulence and reverberations 
within the silencer. 

The magnitude of these sound pulses varied from round to round. 
In the majority of cases it was somewhat lower than that of Figure 10. 
The general negative trend of sound pressure after sound pulse (pt 3) 
was more consistent, representing the eventual decrease of propellent 
gas discharge from the weapon. In general, the relatively uncluttered 
sound scope trace of the silenced caliber ,22 pistol correlated well 
with its quiet performance. 



Caliber , 22 Silenced AA1 Experimental Test Fixture 



The AAI caliber .22 silenced test fixture (Figures 11, 12, 13, 
■and Table III) wa3 designed by Aircraft Armaments, Incorporated, 
in 1965. The study was conducted as part of a Frankford Arsenal 
contract issued to investigate unconventional use of small arms. 
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Figure 10. Sound Pressure-Time History, five meters to side. Caliber ,22 Silenced Hi- standard 

Pistol, Using Long Rifle Cartridge 
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Figure 11. Cross section, Caliber .22 Silenced AAI Experimental Test Fixture 





Figure 12. Caliber .22 Silenced AAI Experimental Test Fixture 




Figure 13. Caliber .22 Silenced AAI Experimental Test Fixture, Disassembled 




TABLE III, Caliber . 22 Silenced AAI Experimental Test Fixture 



Projectile 

Wei * ht 40 gr 

Diameler 0.225 in. 

Velocity {at silencer Ait) 990 fps 

Energy (at silencer exit) 88 ft _ lb 

Travel at peak ballistic pressure {estimated) 0. 4 in. 

Travel in barrel to:' 

rfi - / in» 

Travel time in barrel (estimated) 0. 72 ms 



Propellant 

Weight (double base, flake, web ~ 0. 003 in. ) 1. 7 gr (+ 0. 2 gr 

i » . primer) 

Chamber volume 0.01 6 in. 



Ballistic pressure 

24,000 psi 

At barrel muzzle (estimated) 130 psi 

Silencer 

Outside diameter i n « 

l. U in, 

t ength 6- 5 in. 

Weight (excluding action and gun barrel) 0. 5 lb 

Free volume {including gun barrel holes) 4* 69 in. 3 

Total fixture and silencer weight 1 5 lb 



wi t „ /v hR i ‘ iXt ’ ,re is e spatially a caliber . 2 2 BingJe shot rifle action 

Ii a 7-mch barrel. The barrel has a total of 28 holes of various 
diameters drilled along Its length. The first four holes are enclosed 

„ “ Negator B P rin «' presumably ,o give adaptability 

to both the Short and the Long Rifle cartridges. Surrounding the bar- 

el is a silencing tube which forms an expansion space for the pro- 
pellent gas escaping through the barrel bleed holes. The expansion 
space ts divided by six baffles which isolate each set of bleed holes 
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and thus prevent excessive blow-by. Some chambers surrounding the 
bleed holes contain rolled steel wire mesh, presumably intended to 
• cool the expanding gases. 

The performance of the AAI silenced fixture is simple in prin- 
ciple. As the projectile travels down the barrel, the propellent gas 
bleeds off through the barrel holes and expands into the space around 
the gun barrel. The expansion of propellent gas is accompanied by a 
reduction in the ballistic pressure behind the projectile. By the time 
the projectile exits from the barrel, the propellent gas pressure has 
been reduced to that dictated by the total expansion space (and slight 
heat absorption) . The lower pressure behind the projectile at exit 
results in a lower initial propellent gas discharge sound pulse. 

The advantage of this design is that with proper sizes, number, 
and placement of bleed holes, both the precursor and the blow-by 
sound pulses can be minimized. The System’s disadvantages are: (1) 
the premature propellent gas bleeding results in a reduction of pro- 
jectile velocity; (2) the eventual abrupt uncorking of the barrel is 
acc oustically undesirable; and {3) the projectile {especially a lead 
projectile) is susceptible to deformation and erosion by propellent 

gases if bleeding is accomplished too abruptly or while the gas pressure 
is still high. 

The sound pressure-time history of the AAI test fixture is shown 

m Figure 14. The trace was recorded five meters directly to the side 

of the weapon. As with the silenced Hi-standard pistol, the first sound 

pulse {pt 1, Figure 14) recorded corresponded to the time of firing 

pin fall. The peak SPL of this pulse was 93 db. Since the time between 

this event, primer explosion, and gas leakage around the cartridge 

was small, the three events are not readily distinguishable on the 

scope trace. However, the pulse due to leakage around the cartridge 
seems to be in the vicinity of 103 db. 

The second and loudest sound pulse (pt 2) was due to gas leakage 
from the joint between the silencer tube and fixture breech. The gas 
leakage, occurring as soon as the projectile passed the first set of bar- 
rel bleed holes, resulted in a peak SPL of 116 db. This sound pulse 
could be eliminated by a tighter fit between the tube and breech. 

next pult»e (pt 3} was due to exiting of the precursor wave and 
e propellent gases which found their way through the bleed holes ahead 
of the projectile. This sound pulse was relatively small, with a peak 
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SPL of 101 db. 
jectile exited. 



Shortly after the precursor and blow-by, the pro- 
Thie resulted in the main efflux of gases from the 



muzzle and the consequent blast pulse (pt 4} of 114 db peak SPL 
Following this initial blast pulse were the various sound pulses emitted 
from the muzzle due to the reverberations within the barrel and the 



silencer. The last sound pulse (pt 5) was a ground reflection of the 



pulse due to gas leakage at the silencer tube base. As can be seen 
reflection of the sound pulse from the ground (sand and sparse grass) 
occurred with almost negligible attenuation. 



Caliber .22 Hi-standard Pistol/ FA Silencer 



The experimental silencer shown in Figures 15 through 17 was 
designed by two Frankford Arsenal employees in 1967. It evolved 
concurrently with the availability of low cost porous metal machining 
stock. The porous metal manufacturing techniques, which only re- 
cently were refined, consist of casting the molten metal over a salt 
configuration and dissolving the salt after the metal hardens. Pres- 
ently, a number of metals can be cast into almost any porosity, 
density, or shape. The silencer described herein is probably a fair 
representative of its type. 

The caliber . 22 Frankford Arsenal silencer was tested with the 
same Hi -standard pistol used for evaluation of the French silencer. 

It is all-aluminum, and measures 1. 4 inches in diameter and 6. 5 inches 
in length. The silencer is machined from stock which is partially solid 
and partially porous (see Figures 15 through 17 and Table IV). Outside, 
the porous section of the silencer is wrapped with electrical tape, which 
limits the propellent gas discharge to only the 0.23 in. diameter 
projectile exit at the silencer muzzle. Inside, the silencer consists 
of three chambers of different lengths and diameters. 

The outstanding characteristics of the caliber . 22 Frankford 
Arsenal silencer are small weight, low manufacturing cost, and rel- 
atively quiet acoustical performance. The undesirable features oi 
the silencer are its bulkiness and high erosion rate. Other physical 
and functional characteristics of the tested silencer axe listed in Table 



The general acoustical performance of the Frankford Arsenal 
eilencer can be surmised from the sound scope trace shown in Figure IS 
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TABLE IV. Caliber .22 Hi-standard Pistol/FA Silencer 




Projectile 

Weight (Long Rifle) 

Diameter 

Velocity (at silencer exit) 

Energy (at silencer exit) 

Travel at peak ballistic pressure (estimated) 
Travel in barrel 
Travel time in barrel 
Travel time in silencer 



40 gr 
0. 225 in. 

1050 fps 
98 ft -lb 
0. 4 in. 

7. 0 in. 

0. 65 ms (approx) 
0. 47 ms 



Propellant 

Weight (double base, flake, web ~ 0.003 in.) 
Chamber volume 



1. 7 gr (+ 0. 2 gr 
primer) 
0.016 in. 3 



Ballistic pressure 
Peak 

At barrel muzzle (estimated) 

Silencer 

Passage diameter (for projectile) 

Weight 

Total free volume 
Total pore volume 
Mean pore diameter (approx) 

Porous aluminum density 

Pistol weight (without silencer) 

Time between precursor and projectile exits 
from silencer (estimated) 



24, 000 psi 
l , 000 psi 



0. 23 in. 

0. 47 lb 
5. 6 in. 3 
4. 9 in. 3 
0,04 in. 3 

0. 043 lb/in. 3 

2. 75 lb 



0. 90 ms 
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(see Figures 3 , 4, and 6 for sound scope traces ol tne pistol without 
silencer). The main sound sources of the silenced pistol were primer 
initiation (pt 1, Figure 18),blow-by (pt 3), and gas discharge following 
projectile exit (pt 4). The noise due to precursor (pt 2) was relatively 
insignificant. The primer initiation sound pulse (as previously de- 
scribed) occurred due to gas leakage around the cartridge case. The 



peak SPL of this pulse was 103 db. The next and largest sound pulse 
was that due to the exit of propellent gases which by -passed the pro- 
jectile. This pulse had a peak SPL of 108 db. The projectile exited 
approximately 0.4 ms after the blow-by. The gas efflux following 
the projectile exit gave rise to a sound pulse of 100 db peak SPL. 



In general, the sound signature of the caliber . 22 pistol with 
Frankford Arsenal silencer could be described as a relatively mild, 
muffled hand clap. The system sounded somewhat quieter than the 
silenced Hi- standard pistol. 



Caliber . 30 Ml 90 3 Rifle /Maxim Silencer 



The all metal caliber , 30 Maxim silencer herein described was 
designed by H. P. Maxim. The first versions of this U. S. silencer 
were patented and manufactured commercially in 1909. At the time, 
the use of the Maxim silencer was considered by the Army, and 
issue of two silencers per platoon was recommended for training 
recruits. However, due to the ballistic crack of the supersonic 
round, the Maxim silencer, as well as several other designs, never 
found wide application. It is doubtful if, at that time, the use of a 
modified (subsonic) cartridge was given much consideration except 
for special missions. 

The Maxim silencer version recently tested at Frankford Arsenal 
(see Figures 19 through 22 and Table V) is the "Model 15" supposedly 
issued to National Guard units during World War I. It is approximately 
9 inches long and 1 inch in diameter. The silencer is 0. 16 inch eccen- 
tric with respect to the rifle bore. It attaches to the military Spring- 
field rifle by an end nut and two tapering half- sleeves. The front rifle 
Sight must be removed and replaced during the mounting operation. 
Inside, the Maxim silencer is composed of an initial expansion chamber 
followed by 19 equally spaced baffles* The baffles are indented rear- 
ward and off-center from the silencer and the rifle bore axes. 
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Figure 21. Maxim Silenc 



er for Caliber . 30 M1903 Rifle 





Figure 22. Maxim Silencer for Caliber . 30 M1903 Rifle, Disassembled 




TABLE V, Caliber .30 Ml 90 3 Rifle /Maxim Silencer 



Projectile 

Weight (Match) 

Diameter 

Velocity (at silencer exit) 

Energy (at silencer exit) 

Travel at peak ballistic pressure (estimated 
Travel in barrel 
Travel time in barrel 
Travel time in silencer 

Propellant 

Weight (M9 double base, flake, web ~ 0.003 in.) 

Chamber volume 

Ballistic pressure 
Peak 

At barrel muzzle (estimated) 

Silencer 

Passage diameter (for projectile) 

Weight 
Free volume 
Outside diameter 
Length (beyond gun barrel) 

Rifle weight (without silencer) 

Time between precursor and projectile exits 
from silencer (estimated) 



175 gr 
0. 309 in. 

1050 fps 
431 ft -lb 
0. 4 in, 

22. 0 in. 

2. 3 ms (approx) 
0, 56 ms 

7. 6 gr (+ 0, 5 gr 
primer) 
0. 30 in. 3 



20,000 psi 
1, 000 psi 



0. 375 in. 
0. 63 lb 
4. 0 in. 3 
1 . 0 in. 

7. 0 in. 

9 lb 



1. 44 ms 



The Maxim silencer baffle configuration induces the gases, 
propag atin f? down the silencer, into a vortical spin. No data seem to 
be available on the acutal effectiveness of the principle. However, it 
is conceivable that pressures at the silencer projectile passage could 
thus be substantially reduced. The Maxim silencer’s acoustical per- 
formance (Figure 25) ismuch better than would be expected from its 
clearances, volume, and length alone. Thus, some effectiveness 
must be attributed to the silencer's eccentricity and the askew baffles. 
However, the value of the vortical spin principle still remains ques- 

tionab le. 

Figure 23 shows the sound pressure history of the caliber . 30 M1903 
rifle without the silencer, using a subsonic cartridge. As can be seen 
from the scope trace, the main sound sources are precursor shock 
{pt 2, Figure 23) and propellent gas discharge following the projectile 
exit (pt 3). The corresponding SPL of these pulses are, respectively, 

119 and 137 db five meters to the side of the weapon. 

The sound pressure-time history of the M1903 rifle with the 
Maxim silencer and subsonic cartridge is shown in Figures 24 and 25. 

The system's main noise sources are primer initiation, precursor shock, 
blow-by, and propellent gas discharge after projectile exit. The primer 
initiation noise,from firing pin fall to the first muzzle sound,i3 shown in 
Figure 24. The absence of the usually high initial positive sound pulse 
suggests that gas leakage around the cartridge case is very low and 
that most of the system’s initial noise is mechanical. Sound pulses 
due to the blow-by and the propellent gas discharge after projectile 
exit are shown more distinctly in Figure 25. Here the blow-by and 
gas discharge pulses are, respectively, 102 and 112 db peak SPL. 
Following these pulses, there is a prolonged, seemingly random, 
noise of approximately 102 db peak SPL due to gas discharge turbu- 
lence and reverberations inside the silencer. 

The general sound history and apparent loudness of the tested 
Maxim silencer are comparable to the better silenced systems. This 
is especially significant in view of the relatively high projectile energy 
(431 ft-lb) and velocity (1050 fps). Combining this with the silencer's 
adaptability to standard weapons, its relatively small size, and its 
construction (requiring no maintenance or replacement of parts), the 
WW I Maxim silencer is one of the better items tested at Frankford 

Arsenal. 
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y ■ 896 fd bars/cm 
x - 0.5 ms /cm 
1 cm s 1 major division 
Microphone: B&K 4135 



© Primer Initiation 

(T) Precursor Exit from Barrel 

® Projectile Exit from Barrel 



L X w 93 db 
L 2 * 119 db 
1*3 * 137 db 



Figure 23. Sound Pressure -Time History, five meters to side, Caliber .30 M1903 Rifle 

(Unsilenced) * Using Subsonic Cartridge 




r 



y = 43 |ibars/ cm 
X = 0 .5 ms /cm 
1 cm = 1 major division 
Microphone: Altec BR 150 



® Primer Initiation 
© Precursor Exit from Silencer 
© Blow- by Exit from Silencer 
© Projectile Exit from Silencer 



L 1 = 93 db 
L 2 = 93 db 
L 3 = 100 db 
I 4 - 113 db 



Figur. 24. sound Pressure-Ti™ History, five voters to side. Caliber .30 M1903 Rifle/Maxio, 

Silencer , Using Subsonic Cartridge *ine/ m 



90 jUbars/cm 
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Caliber . 30 Silenced Ml Carbine 



The silenced Ml carbine (Figures 26 and 2? and Table VI) was 
developed in Enfield, England, about 1945. It is believed to have been 
designed for the Office of Strategic Services. The carbine is manually 
operated and takes standard supersonic ammunition. Because of its 
bulkiness, manual feeding, and not too impressive acoustical performance 
it is doubtful if the weapon was widely utilized. 

Since standard supersonic ammunition was to be used in the silenced 
carbine, seven holes of 0. 125 inch diameter were drilled in the barrel 
close to the breech. This allowed the gases to be bled off through the 
holes, with a consequent reduction in ballistic pressure and projectile 
muzzle velocity. The original barrel length was also reduced to ten 
inches, presumably to minimize the final length of the carbine. The 
carbine's silencer surrounds and extends seven inches beyond the gun 
barrel. Inside, the silencer has a series of conical baffles, positioned 
throughout its whole length. The overall length and diameter of the 
silenced barrel are 17 and 1.4 in., respectively. 

Sound pres sure -time history of the tested carbine, five meters 
to the side of the weapon, is shown in Figure 28. The main constitu- 
ents of the noise are: primer initiation (pt 1, Figure 28}, bleed -hole 
blow-by (pt 2), gun barrel muzzle blow-by (pt 3), blast immediately 
following projectile exit (pt 4), and continuous noise emitted from 
silencer after projectile exit (pt 5). 

The primer initiation noise (barely visible on the trace) was 
approximately 94 db peak SPL and was primarily due to the hammer 
fell. The gas blow-by around the cartridge case seems relatively 
insignificant. 

F ollowing primer initiation, the first significant sound pulse 
(pt 2) was caused by the exit of the presBure wave generated by the 
gases; finding their way out through the barrel bleed holes. This was 
a positive sound pulse of 112 db peak SPL. The secondary blow-by, 

^ch occurred at the gun barrel muzzle, exited the silencer approxi- 
mately 0. 6 ms after the bleed hole blow-by. This generated a po stive 
sound pulse of 122 db peak SPL. 

The projectile followed the secondary blow-by by about 0. 4 ms. 
e immediate accoustical effects associated with the projectile 
( pt 4) are barely distinguishable from the scope trace. This is 
Ue to the masking effect of reverberations within the silencer and 
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Figure 26. Cross 



section, Caliber .30 Silenced MI Carbine 







table VI. Caliber . 30 Silenced M] Carbine 



Projectile 

Weight 

Diameter 

Velocity (at silencer exit) 

Energy (at silencer exit) 

£3 ti r^ m3tic pressure 

Travel time in barrel 
Travel time in silencer 



108 gr 

0. 306 in, 

1058 f ps 

270 ft -lb 

0. 5 in. 

9. 2 in. 

1. 30 ms (approx) 
0. 56 ms 



Propellant 

w, ““ 

13 gr (+ 0. 3 gr 

Chamber volume primer) 

0. 062 in. 3 



Peak ballistic pressure 

31 , 800 psi 

Silencer 

Passage diameter (for projectile) 

F ree volume 0. 375 in. 

10. 3 in. 3 

Carbine weight (without magazine) 

Silenced 

Standard unsilenced ^ ^5 lb 

5 lb 



Time between precursor and projectile exits 
from silencer (estimated) 

0. 41 ms 
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Figure 28. Sound Pressure-Tin* History, five refers to side, Caiiber .30 Silenoed MI Garble. 





discharge turbulence occurring at this time. An approximate value 
of 119 db peak SPL was assigned to the projectile exit pulse. Follow- 
ing the projectile exit from the silencer, there was a continuous noise 
of about 118 db peak SPL,. This high frequency noise, which again can 
be attributed primarily to internal reverberations, persisted for 
several milliseconds. It is superimposed on a gradual trend into the 
negative sound pressure region. This, of course, signifies the 
eventual decrease of gas discharge from the weapon. 

To a subjective listener, the firing of the silenced carbine sounded 
like a sharp hand clap followed by a distinct hissing sound. 



Caliber . 32 Silenced Sleeve Gun 



Little is known about the origin and history of the silenced sleeve 
gun. It bears close similarity in design and workmanship (Figures 29 
through 32 and Table VII) to the caliber . 32 Welrod pistol. The sleeve 
gun is a single shot item, requiring considerable time for reloading. 

To reload and cock the weapon, the three rearmost threaded sections 
have to be disassembled. Independent operations are required for 
rechambering the cartridge and resetting the firing pin spring. The 
weight (1.7 lb) and general configuration of this gun suggest that it 
was also intended for use as a club. 

Firing of the weapon is accomplished by moving a latch toward 
the weapon muzzle. A rod, attached to the latch and running along 
the top of the sleeve gun, releases the plunger holding the firing pin 
at the rear of the gun. At the base, the sleeve gun is provided with 
an eyelet, presumably for a string to support the weapon in a coat 
sleeve. 

The internal configuration of the sleeve gun, except for dimensions, 
is exactly the same as that of the caliber . 32 Welrod silenced pistol.* 

The 3. 25 inch gun barrel contains a series of 20 holes, 0. 063 inch in 
diameter, positioned in five rifling grooves. The holes lead into an 
expansion chamber formed by the tube surrounding the gun barrel. 

The tube al9o extends beyond the gun barrel muzzle by 2.85 inches, 
thus foiming the forward silencer section. Inside, the silencer section 
contains a series of metal and rubber baffles which provide the si- 
lencing effect. 




* 



See Figure 35. 
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Figure 31. Caliber . 32 Silenced Sleeve Gun, top view 
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TABLE VII. Caliber . 32 Silenced Sleeve Gun 



Projectile 

Weight 77 gr 

Diameter 0.315 

Velocity {at silencer exit) 700 fps 

Energy (at silencer exit) 8 2 ft -lb 

Travel at peak ballistic pressure (estimated) 0. 35 in. 

Travel in barrel 3_ 25 in. 

Travel time in barrel {estimated) 0. 54 ms 

Travel time in silencer 0. 34 ms 



Propellant 

Weight (Norma, ACP, double base, web ~ 0. 003 in. ) 3 gr {+ 0. 3 gr 

primer) 

Chamber 0. 026 in. 

Peak ballistic pressure 14,000 psi 



Projectile passage diameter 
In steel baffle 
In old rubber baffles 
In new rubber baffles 



0. 38 in. 

0.25 in. (approx) 
X-slit 



Free volume 

Around gun barrel 
In front silencer portion 



1 . 18 in. 3 
1 . 2 in. 3 



Total weapon weight 



1. 7 lb 
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biffles ° f the si — *» >-»•- 
proximately 0 25 A ■ th paSSage through them was ap- 

probably completely clo^edXtl^il^ncL'c^ty" 

rcz xr de ^ * - — -:XoX e x°:r 

of < he F di: r j ih t — tltuetlts 

sound pulse on the trace (pt 1 ,, The firEt Sraa11 

primer initiation. This pulse* as well a rres P° nded to the time of 

following it, was approximately 87 db peakSPL Bm ““ immediately 

and was primarily due to firing pin fall Gas 10 ^ daU) ' 

cartridge case seemed negligiw* gB arOUnd the 

3=: ~H£ 

- “•• -• ■■■ -• 

was 114 db neak SPt tv, - , , y y UI u ‘ ms. This pulse 

later Th. m t pFOjectlle exited approximately 0 3 ms 

e£flux of propellent gas immediately following the pro 

jectile rt suited in a positive pulse (pt 4) of 126 db peak SPL The 

srs sr- °* 2 ms after pt 4 ~ *- - jt 

i3 Jho^in F^rV 34* ^can £ B " le8ve gUn ^ new rubb « baffles 

r fou ° win 1 g -e rtu ~- 

the projectile noise was reduced to 120 dp peak SP L j / A1 “°' 

alecve gnu with old baffles sounded liKe 

neW baffleS * * SOUnded Uk ^ 8 * fl nappy, but substantially quieter. 



Caliber . 32 Silenced Welrod Pistol 

rlna The caA j ber * 32 P ist °l (Figures 35 and 36 and Table VIII) bears 
close resemblance to the 9 mm Welrod pistol* developed in Britian 

*See Figures 38 and 39 . 
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TABLE VIII. Caliber . 32 Silenced Welrod Pistol 




projectile 

Weight 

Diameter 

Velocity (at silencer exit) 

Energy (at silencer exit) 

Travel in barrel 

Travel time in barrel (estimated) 
Travel time in silencer 



77 gr 
0. 315 in. 
770 fps 
102 ft-lb 
3. 9 in. 

0, 54 ms 

0. 43 ms 



M. X — 



Weight (Norma, ACP, double base, web — 0. 003 in.) 3 gr (+ 0. 3 gr 

primer) 



Chamber volume 



0.026 in. 3 



Peak ballistic pressure 

Projectile passage diameter 
In steel baffle 

In old rubber baffle (when tested) 

Free volume 

Around gun barrel 
In front silencer portion 

Total pistol weight (unloaded) 



14, 000 psi 



0. 375 in. 

0. 25 in (approx) 



2. 6 in. 3 

2. 5 in. 3 
2.5 lb 
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9 mm Silenced Welrod Pistol 



Eimllar to 'iLernaHy 5 ^ 

two pistols are quite differenh i« it ’ lnternail y. However, the 

IX). The 9 ^ *’ "« ^ 

rear. The rear portion contains th u W ° Sectlons , £r ont and 

0- 052 inch diameter bleed holes at fts hr ^ ^ h h " ■***“ 

is surrounded by a tube which ln„ «, b eech erld - T he gun barrel 
bushing, forms L eapL^on c ’ h J ‘ he * hreaded 

the bleed holes. The front portTrm a!thj fV ** esca P in g through 
the weapon's silence,. It attaches tD the ^ ° barrel is <= s «ntiall y 
hushing. The inside of the silencer section ^ ° f a lhr ^<l 

metal, rubber, and felt baffles sepa ra i d h ^ * Beries of 

steel spacer. The passage through the ««, a h P " f ° rated ' 3 P°°1-Uk= 
approximately 0. 43 inch in diameter. ’ baf£les and 'Pml is 

The pistol examined at Franlrfrsr^ a i 

flexible baffles - two rubber and one felt T \ C ° ntained three 
through these baffles was approximately 0 3 , Passage 

new, however, the flexible baffles problbl' ? diameter - When 

the silencer cavity; therefore records ^ C °” lpIetel > r clos ^ off 
baffles containing only an X-s’lit Not * 1° made With new 

tested weapon, most firings were made **! Ct>ndition of the 

fridge (described in Table V.^ madC With " Char « a 

Figure 40 shows the sound pressure h v 
W elrod pistol without the forward^l* * history of the 9 mm 

duced charge round. The first nois 3eCtlon and firin g the re- 

on the trace shown) vds lb l e 

prirncr. This noise (pt 1, Figure^m V, h H tlmC lhe firing pin hit the 
105 db, and was due to gas leakage aro^ SPL ° f a PP roxi mately 

next sound pulse (pt 2) was due to the or * Cartrid « e ca9e * The 
^ gun The high SPL of this pnls^lZT ****** from 

of gas leakage past the projectile An k UggC8lS a Possibility 
gas naturally reinforced the precursor^* * PaS ®. lng o£ the Propellent 
The last pulse (pt 3) was due to prouel? gl ™ g TlSe to the hi gh SPL. 
following the projectile exit. This pulsed a ^^f** ira ™**el y 
the same as that of the precursor pul**. ^ SPL ° f 131 db » 

containing old bJfTe^iTsh oL^tle ^ SilenCer 

— *. Here the mam noise c^^^ ^ 
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igure 38. Cross section, 9 mm Silenced Welrod Pistol 




TABLE IX, 9 mm Silenced Welrod Pistol 






Projectile 

Weight 


115 gr 




Diameter 


0. 357 in. 




Velocity {at silencer exit) 


640 fps 




Energy (at silencer exit) 


106 ft-lb 




Travel at peak ballistic pressure (estimated) 


0. 4 in. 




Travel in barrel 


4. 7 in. 




Travel time in gun barrel (estimated) 


0. 71 ms 




Travel time in silencer 


0. 60 ms 


■o 


Propellant 

Weight (M9» double base, flake, web ~ 0, 003 in,) 


3 gr (f 0. 3 gr 






primer) 


•l-f 

Oh 

rri 


Chamber volume 


0. 036 in. 5 


o 


Ballistic pressure 




a! 

T? 


Peak 


22, 400 psi 


At first hole (estimated) 


1 0 , 600 psi 


4P 

U 


At gun barrel muzzle (estimated 


200 psi 



G 

V 



r—4 

•rl 


Silencer 




CO 


Weight (front portion) 


0. 63 lb 


jj 


Free volume around gun barrel 


2. 3 in. 3 


cr- 


Free volume in front portion 


4. 3 in. 3 


• 

O 


Projectile passange diameter 






Silencer spool 


0. 43 in. 


u 

G 


In old rubber baffles 


0. 35 in. (approx) 


b© 

>rH 


Through new rubber baffles 


X-slit 




Total pistol weight {with the silencer) 

Time between precursor and projectile exits 


3.5 lb 




from silencer (estimated) 


0.91 ms 
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-si 

o 




y “ 450 /ibars/ctn 
x = 0.5 ms /cm 



l cm 1 major division 
Microphone; B&K 4135 



(f) Primer Initiation 

(D pM curs or Exit from Gun Barrel Muzzle 
® Projectile Exit from Gun Barrel Muzzle 



l* x - 105 db 
Ll - 131 db 
1-3 * 131 db 



Figure 40* 



Sound Pressure-Time History, five meters to side. 
Silencer Section) , Using Reduced Charge Round 



9 nm Silenced Welrod Pistol 



(less 




y * 90 ^bars/cm 
x - 0*5 ms /cm 
1 cm «■ 1 major division 
Microphone: B&K 4135 



© Primer Initiation 
( 2 ) Precursor Exit from Muzzle 
Blow-by Exit from Muzzle 
© Projectile Exit from Muzzle 



Li - 105 db 
L 2 = 111 db 
L 3 = 119 db 
= 124 db 



Figure 41. Sound Pressure-Time History, five meters to side, 9 mm Silenced Welrod Pistol with 

Old Rubber Baffles, Using Reduced Charge Round 



(pt 1, Figure 41), precursor exit {pt 2). blow-by exit (pt 3), and 
projectile exit {pt 4). The relatively low SPL 105 db) of primer 
initiation suggests that leakage around the cartridge case was much 

S T ri that ° f the caliber • 32 The precursor sound 

pulse had a peak SPL of approximately 1 1 1 db. The blow-by wave 

which originated from the propellent gases bypassing the pro- 
jectile in the spool spacer, constituted the second loudest sound 

Sp7 C * °J the S y sten ^* This blow-by sound pulse (pt 3) had a peak 

Z i PI T7 ? 9 db * THe laSt and lar fiest s ound pulse 

U TTST i * tlme the pr °j ectiIe exit « d from the silencer. 

It had a peak SPL of 124 db, and was due to the abrupt propellent 

gas discharge following the projectile exit. 

a r . A ^ C ^ rd ° f the Silenced Welrod with new rubber baffles firing 

lit ^ “ rtr ‘d fej i. shown in Figure 42 . As seen * 

he primer noise Was unaffected, but the precursor and blow-by 

were practically eliminated by the new baffles. Also, the projectile 

“* P ' A e b WaS , r * dUCed 1Z ° dt Peak SPI " Fi S ure 43 shows the 

NATO cart d 77 WelT ° d With baffleS > f ™« “ standard 9 mm 

SPI , f7 ge ( ' Cer mUE2le velocit V ~ ”0 fps). Here the peak 
bPL of the projectile exit was 125 db. ^ 

In general, the 9 mm Welrod with old baffles sounded similar 
to, although somewhat louder than, the caliber . 32 Welrod pistol With 
new baffles It sounded appreciably quiter than before. 

9 mm Silenced Sten Submachine Gun 

The silenced Sten submachine guns (Figure 44) were first 
developed and manufactured In Britain during World War II They 
were successfully used by both the British Commandos and the guer- 
rillas operating behind German lines. A few of the silenced stens 
eventually found their way into German hands but, contrary to strong 
recommendatmns by some, the German High Command did not adopt 

bortedT fTT “*'■* M ° re silenced Stens were re 

portedly used by Allied troops in Korea. 

Basically, the silenced Sten (designated Mark II Si i s a a 

versjon of a standard unsilenced Sten submachine gun The mod 1 
i i cation consisted essentially of reducing the bolt weight, shortening 

£ ” “ 

However, see Appendix E. 
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Figure 42. Sound Pressure-Time History, five meters to side, 9 mm Silenced Welrod Pistol with 

New Rubber Baffles, Using Reduced Charge Round 




y = 195 ^bars/cm 
x = 1 ms /cm 

l cm - 1 major division 
Microphone: B&K 4135 



© Primer Initiation 
© Projectile Exit 
® Ground Reflection 



Li - 105 db 
L 2 = 125 db 



Rubber £££,*£ “£Sird 





Figure 44. 9 mm Silenced Sten Submachine Gun, Showing Type I and Type II 

Silenced Barrels 



SLedUe rin | i ’ nc a ;' SUbStit f Che barrci with a si- 

the speed of sound PfojecHle velocity below 

proper weapon 1^1' J ™<hfications were necessary to insure 

450 rp m e modifi"* ^ mamtain the rate ° f fire at standard 

***** ^tb:: u “i:r^ n3 th ir rt r iy had their b ~~ b •»- 

r hanical noise (Figure « attenuate the weapon’s me- 

are Known to JvAeen dteio^ ° *££*?*? *“ 

tested at Frankford Arsenal. YP ^ * b th simUaT > w ere 

Silenced Sten Barrel. Type T 

sentially of a drilbed^lenrthT/stf ' T <Figura 46) conslsts “■ 

grounding silencing tube which extends 

0 72 i h f a r aB SlX holeB P - 11 inch in diameter) located 

r;rss : s\ 

standard supersonic round below the speed of sound, 
expansion 

rtat^v«^:i.“ d T r"r r 5 ^ - 

the projectile with a diametral durance o/o 01 ?*)^' provldes 

silenced barrel is oartinllv earance ° f °* 040 “l=h. Outside, the 

and canvas cover to protect th^nd s ^ r^m'the 'tidiT^ wMchb"^ 1 taP6 ’ 

r?z*;:i£z tb l The 

dard unsilenced Sten barrel is onlyTtoche “of th' Stan ' 

significant ohvsiral * -- Some of the more 

-» «- * »■ — 

«7; ™.u'.?i‘*2„’";r rdl ■< “■ s “* 

breech and the consequent vibration of £ *** ° f bolt a g ainst 

generated prolonged noise of about 100 db pTat^PL TT’" C °™ P ° nent3 
milliseconds (Figure 4M T n -j .. P k lasting a few 

mechanical a Jee' tL FraiTord Ars V"**”** '«*«* <* 

With the silenced Sten barrels held and fired” a Vlcil!” 
quiet, single shot test fixture (Figures 47 Ld -fSI s ’ I ' y 
noise of the fixture is relatively low the recorded mechanical 

sentially contain only the system muUle noise ^ 
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bUre 45 * Sound Pressure-Time History, five meters to side, 9 mm Silenced Sten Submachine 

Gun Bolt Slap, without Cartridge 
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Figure 46. Cross section, 9 mm Silenced Sten Submachine Qun Barrel (Type t) 



TABLE X. 9 mm Silenced Sten Submachine Gun, Type I Barrel 



projectile 

Weight 115 gr 

Diameter 0. 356 in. 

Velocity (at silencer exit) 1000 fps 

Energy (at silencer exit) 258 ft -lb 

Travel at peak ballistic pressure (estimated) 0, 3 in. 

Travel in barrel 4. 25 in. 

Travel time in barrel (estimated) 0. 42 ms 

Travel time in silencer 0. 71 ms 



Propellant 

Weight (WCC-61 02, doublebase, web~0. 003 in. ) 6 gr (+ 0. 3 gr 

primer) 

Chamber volume 0.038 in. 3 



Ballistic pressure 
Peak 

At barrel muzzle (estimated) 

Silencer Characteristics 

Passage diameter (for projectile) 
Free volume in front silencer portion 
Free volume around gun barrel 



Silenced barrel 
Weight 
Lenght 
Diameter 



Standard Sten gun barrel length 

Total weight of silenced Sten submachine gun 
(without magazine) 

Time between precursor and projectile exits 
from silencer (estimated) 



31 . 000 psi 
250 psi 

0, 50 in. 

11.0 in. 3 

4. 4 in. 3 

2. 25 ib 
13 in. 

1. 5 in. 

6 in. 

7. 7 lb 
0. 3 ms 
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Figure 47. 



Assembly, 9 mm Silenced Sten Submachine Gun Barrel fTVne n i-n 
Test Fixture ' ' n 





Figure 46. Disassembly, 9 mm Silenced Sten Submachine Gun Barrel (Type I) 

and Test Fixture 
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however, each contains a slightly different set of internal components 
(Figures 46 and 50 and Tables X and XI). The Type II is distinguishable 
primarily in that its gun barrel is slightly shorter and contains two 
sets of bleed holes; its metal baffles (fewer in number) are somewhat 
conical in shape; and, at the forward end, it holds three felt washers. 

In the barrel tested at Frankford Arsenal, the front conical 
batfles had been modified previously, as shown in Figure 50 pre- 
sumably for experimental purposes. Acoustically there seems to 
be little apparent reason for this modification; if anything, it made 

* r ySt ! m Sllght1 ^ louder ' Originally, acoustical performance of 
the two barrel types was probably very similar. 

Figure 51 shows and identifies the sound constituents of 
the silenced Type II Sten barrel, fired with the test action shown in 
* igure 48. The trace was recorded five meters directly to the side 
° t , he _T eap<m ; The first distinct noise recognizable on the trace 
(pt 1, figure 51) was a sound generated approximately when the firing 

ThiS SerieS 0i pulfleB ' relatively low peak 

i °f 93 ,? bj Wa8 essentiall y mechanical in nature. The next sound 
pulse (pt 2) was the first noise emitted from the silencer muzzle. 

thro P wv db Peak SPL Wae g « aerated by the blow-by occurring 

through the gun barrel bleed holes. 7 S 

The next sound pulse (pt 3) corresponded to the time when 
g barrel muzzle blow-by exited the silencer. This sound pulse 
had a peak SPL of 104 db. The next, and highest, sound pulse (pt 4) 
was generated by the exit of propellent gas which bypassed the pro- 
jectile through the modified front baffles. Exit of this blow-by wave 

gave rise to a pulse of 113 peak SPL. The projectile exited approx- 
imately 0.01 ms later. 

The initial efflux of gases following the projectile exit 
res u i ted m a positive pulse (pt 5) of 104 db peak SPL. Following 
this the Steadily discharging gas gave rise to turbulence which, 
combined with reverberations within the silencer, generated a pro- 
longed noise (pt 6) of approximately 100 db peak SPL. Characteris- 
tically, this noise was of random nature, varying from round to 
round. 

To a subjective listener, the Type II Sten sounded like 
a clap-initiated, gradually diminishing hiss. In general, it seemed 
somewhat louder than the Type I Sten, 
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Figure 50. Cross section, 9 mm Silenced Sten Submachine Cun Barrel (Type II) 




TABLE XI. 9 mm Silenced Sten Submachine Gun, Type II Barrel 



Projectile 

W e ight 115gr 

Diameter 0 .356 in. 

Velocity (at silencer exit) 1000 fps 

Energy (at silencer exit) 2 5 g ft _ lb 

Travel at peak ballistic pressure (estimated) 0. 3 in. 

Travel in barrel i ; 

i m. 

T ravel time in barrel (estimated) 0. 3 ms 

Travel time in silencer 0 91 ms 



Propellant 

Weight (WCC-61 02, double base, web ~ 0. 003 in. ) 
Chamber volume 

Ballistic pressure 
Peak 

At barrel muzzle (estimated) 

Silencer Characteristics 

Passage diameter (for projectile) 

Passage diameter in old felt baffles (when tested) 
Free volume around gun barrel 
F ree volume in front silencer portion 



Silenced barrel 

Weight z s lb 

f; en e th 13. 5 in. 

Diameter , c 

1- 5 in. 

Standard Sten gun barrel length 6 i n 

Silenced submachine gun weight (without magazine) 7. 9 lb 



0. 50 in. 
0. 3 in. 

2. 7 in. 3 
13. D in. 3 



31, 000 psi 
400 psi 



6 gr (4 0. 3 gr 
primer) 
0.038 in. 3 
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9 mm P38 Walther Pistol/AAI Silencer 



The 9 mm AAI experimental silencer {Figures 52 and 53 and 
Table XII) was manufactured by Aircraft Armaments, Inc. about 
the same time as the caliber .22 silenced AAI test fixture (see 
page 21). This silencer is adaptable to a P3B Walther pistol by re- 
moving the front sight and securing the silencer to the barrel muz- 
zle with an adaptor sleeve. Although it is rather bulky and acous- 
tically not too impressive, itB data are deemed useful for comparison 
with other silencers and silencing fixtures. 

The 9 mm AAI silencer is essentially a Bim pi e, baffled, expansion 
chamber, 5 inches long and 2. 5 inches in diameter. The steel silencer 
housing holds eight baffles and nine spacers, all aluminum. Seven of 
the equal chambers formed by the baffles contain loosely packed steel 
wool, removal of which does not seem to affect the system acoustically. 
There is a rubber diaphragm with an X-slit at the silencer muzzle, 
presumably to restrict gaB flow. At Frankford Arsenal this diaphragm 
required frequent replacement as it was easily destroyed by the ex- 
iting projectile. Later it was found that the diaphragm had little 
acoustical effect even when new, probably because it was too thin. 



The outstanding features of the AAI silencer are itB very large 

volume (19 in. ) and the surprisingly large projectile clearances (a 

0. 5 inch diameter passage for a 0. 35 inch diameter projectile). The 

following sound data are from the firings made with a special subsonic 
cartridge {see Table XII). 

Figure 54 shows the sound pressure-time history of the 9 mm P38 
pistol without the silencer, recorded 10 meters to the side of the 
weapon. The first sound pulse (pt 1, Figure 54) was due to the pre- 
cursor exit from the gun muzzle. This pulse had a peak SPL of 127 db. 
The projectile exited the gun muzzle approximately 0. 4 ms after the 
precursor. The accompanying propellent gas discharge gave rise to 
a sound pulse (pt 2) of 139 db peak SPL,. The positive pulse (pt 3) is 
a ground reflection of the blast pressure wave. 

The sound signature of the P38 pistol with the AAI silencer is 
shown in Figure 55. The main noise constituents of the system were 
identified as: primer initiation (pt I, Figure 55), precursor exit 
(pt 2), blow-by exit (pt 3), and project ile exit (pt 4). The first significant 
noise during firing was that due to g-j s leakage around the cartridge 
case. The peak SPL of this noise w. approximately 99 db. The next 





89 



Figure 52. Cross section, 9 mm P38 Walther Pistol/AAI Silencer 




TABLE XII. 9 mm P38 Walther Pistol/AAI Silencer 




Projectile 

Weight 

Diameter 

Velocity { at silencer exit) 
Energy ( at silencer exit) 

Travel at peak ballistic pressure 
Travel in barrel 
Travel time in barrel 
Travel time in silencer 



115 gr 
0. 356 in. 

925 fps 
220 ft- lb 

(estimated) 0. 4 in. 

4. 35 in. 

0. 46 ms (approx) 
0. 43 ms 



Propellant 

Weight (M9, double base, flake, web ~ 0. 003 in. ) 

Chamber volume 

Ballistic pressure 
Peak 

At barrel muzzle 
Silencer 

Passage diameter (for projectile) 

Weight 
Free volume 

Pistol weight (without silencer) 

Time between precursor and projectile exits 
from silencer 



3 gr (4 0. 3 gr 
primer) 
0.038 in. 3 



22, 400 psi 
1 , 800 psi 



0. 50 in. 
3 lb. 

19 in. 3 
2. 1 lb 



0. 43 ms 



9o 



91 





















j - 


* ■ ■ ■ 






XT 


"f 1 f j 


! 1 1 


* ♦ +'"♦ t 


















— — ; 1 


i 


+■ 


- 


^ — »l 

l '■ 


•t- 

t 





cm 



Pre 



-Ti 

g S 



story 
ie Ca 



mete 

ge 



till ih 



1 ■“ * * I 1 1 t 1 » 










•» t H 


i 






1 

1 

.J 


1 


J 






i 


• m to 








™ < 

i 

1 


— — i 



ill 11 



TV. 



g 







°ztr/i t i p p C ^n7eTot w db en The p b r r ur r r exited £rom the 

the gun barrel muzzle exited fro™ rl. j bI °w-by wave generated at 
This blow-by pulse, With its peak SPL of T^db^ ““ PreC “ rSor ‘ 

blow-by wave. Cae flowl^he Ue ab ° Ut 2 ™ after the 

by the projectile since the event is^^dis^ 6Vldently was altered Ut tl e 
This, of course was tn h not disc ernable on the scope trace 

and volume. To a subiecti 6 ’? e< ' te Wlth the lar S e blow-by clearances 
ably loud. s objective listener, the system sounded unquestion- 



9 mm Walt her MPK Submachine Gun/Wes, German Silencer 

developed in West Cermnfsom 56 ' V’ Bnd 58) was reportedly 

submachine gun itself Introduc^T AUh ^h' ^ 9 MPK 

internally elaborate, it is rugeedlvcn’ , E eomewhat bulky and 
readily adaptable to a standard MPk ! '" ;’'" 1 Atuehed, and 

silencer, ite size and acoustica^f^ 0 ”' construction of the 

as an experimental model-shop it^m 8Ugge8t tiat “ was built 

long by 2 inch di am e t e r^'Jlpa „ ' ha^b ” ' 56) COnaists of a 10 inch 

assortment of geometrical!^ comple^Th" C ° nUinin * an ^borate 

for two steei end pieces and" the steel “b^kT ^ C °” eS ‘ 

18 made entirely of aluminum tw . e " hke vanes - tb e silencer 

starts with a simple 1. 5 inch *W * ^ *** Iear * the si lencer 

tubular spoo^ontside-vanedatthe r PanS ^° n Chamber ’ Allowed by a 

atael vanes forming one end the T "f Cl ° 8ed “ th< = fr ™‘- The 

tube. After the spool come two cones *” f ° the •*«-»-« 

another cone. cones, an expansion chamber, and 

With special r^rfofded^i eltk' 5 '?” ““ MPK Were marie 

sound history of the MPK without the silenc 0 "' 1 * 3 <Table XI “’- The 
The weapon's main noise like «,.7% 18 Shown in Figure 59 

was due to the precursor wave ^d ,h 

Positive pulses fi ve meters to the h* P J° jectlle exit blast. The two 
131 and ,40 db peak SpL ° f ^ MPK -re, respectively. 
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TABLE Xm. 9 mm MPK Walther Submachine Gun/ German Silencer 



Projectile 

Weight 115 gr 

Diameter 0. 356 in. 

Velocity (at Bilencer exit) 1000 fps 

Energy {at silencer exit) 255 f t _ib 

Travel at peak ballistic pressure (estimated) 0,4 in. 

Travel in barrel 6. 32 in. 

Travel time in barrel (estimated) 0. 62 ms 

Travel time in silencer 0. 79 ms 



Propellant 

Weight (M9j double base, flake, web ~ 0. 003 in.) 



Chamber volume 



3 gr { + 0. 3 gr 
primer) 
0.038 in. 3 



Ballistic pressure 
Peak 

At barrel muzzle (estimated) 

Silencer 

Passage diameter (for projectile) 

Weight 
Free volume 

Unsilenced submachine gun weight (without magazine) 

Time between precursor and projectile exits from 
silencer (estimated) 



22, 400 psi 
1, 400 psi 



0. 41 in. , 0. 44 in, 
and 0. 55 in. 

1, 5 lb (approx) 
15.0 in. 3 

6. 2 lb. 



0. 69 ms 
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Figure 59. Sound Pres Bure-T line History, five meters to side, 9 mm MPK Walther Submachine Gun 

without Silencer, Using Subsonic Cartridge 




relative^ n0t 7 Slble m the trace of Fi S“« 59. the MPK haa a 
... a ./ ' d * P rolon ged, mechanical noise. This noise is due 

primarily to the forward slap of the bolt against the breech and 
consequent vibration of the weapon's mechanical components The 
SOW trace of the weapon, fired dry, without a cartridge” V shown 

in FlgUrC 6 °* Th * SPL of the MPK's mechanical no se was 

approximately 106 db five meters from the weapon. 

ThC ® OUftd . hist<>r y of th « silenced MPK, firing a subsonic car- 
tridge, is shown m Figure 61. The system's f 

(pt 1. Figure 61) corresponded to the time of prime/lliUatio^^Th. 
from th° ltlVe PUlBe ° £,hiS 80Und ^PP ro ”mately 106 db). five meters 

a"" dUe l ° the f ° rWard Sla P ° f the "» * gainst 

» r.r 

r u ro.7ri; t : p : 3, T c h f m db peak spl - t - 

db peak SPI Foil" - 18 ^ enerated the system's largest pulse - 118 

.il«ncrf 8 MPK ' 2 Th° WS * eB ,r ntially ’ ° nly thE mUZZle “ olse " f the 
vrith by ™ ins the 

viaibie primer initiation no^MpI ! '7^ *“ ^ 
defined precursor pulse (pt 2). * ^ and the more cle ^>V 

somewLriXTtCfetmmlTI’ 7 MPK SOUnded 

and 9 mm Welrods. Qualitatively, the" M PK 3o!nd ^natL^ c o^d ' ^ 
a diminishing"^! "s. S ° meWba£ ^ ta ™ di *^r f °»°wed by 

Caliber . 45 Silenced M3 Submachine Gun (Figure 63) 



Bell Laboratories Silenced Barrel 

— - ... 
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208 ybars/cm 
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Figure 60* Sound Pressure-Time History, five meters to side, Bolt Slap, 9 n m MPK Wilther 

Submachine Gun/West Gertaau Silencer, without Cartridge 
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® Primer Initiation 
@ Precursor Exit from Silencer 
© Blow- by Exit from Silencer 
© Projectile Exit from Silencer 
® Primer Initiation Ground Reflection 
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x - 0.5 me /cm 
1 cm * 1 major division 
Microphone: BSK 4135 



I<1 = 114 db 
L 2 = 108 db 

L 3 - 116 db 

*4 = 118 db 



Figure 61. 



Sound Pressure-Time History, five meters to side 
west German Silencer, Using Subsonic Cartridge 



9 mm MPK Walther Submachine Gun/ 





Primer Initiation 
Precursor Exit from Silencer 
Blow-by Exit from Silencer 
Projectile Exit from Silencer 
Blow-by Ground Reflection 






y ■ 210 ybars/cm 
x ■ 0.5 mfl/cm 
1 eta = 1 major division 
Microphone: B6K 4135 
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Figure 62, 



Sound Pres sure -Time History, five meters to side, 9 mm MPK Walther Submachine Gun/ 
West German Silencer, Using Subsonic Cartridge and with Weapon and Silencer Wrapped 
with Attenuating Material 





A silenced M3 barrel (Figures 64, 65 and 66, and Table XIV) was 
^signed and presented to the Infantry Board fox evaluation. Conclu- 
- aions from the tests were that the silenced M3 was quiet, but still 
detectable at close ranges. A thousand silenced barrels were re- 
portedly built and supplied for use by the Office of Strategic Services 
(OSS). 



The Bell Laboratories silenced barrel consists essentially 
of a drilled gun barrel and a silencing chamber surrounding and ex- 
tending beyond the gun barrel muzzle. Along its length, the gun barrel 
has 48 holes (0. 25 inch diameter) which are positioned in four straight 
rows. During firing, some of the gases are bled off through the 
holes, with a consequent reduction in the ballistic gas pressure and 
the projectile muzzle velocity. 

The silencing chamber is composed of two sleeves of 
different lengths and diameters, connected by means of a reducing 
bushing. The rear sleeve encloses a roll of wire mesh which sur- 
rounds the drilled gun barrel; the forward sleeve, which extends 
beyond the gun barrel muzzle, contains a stack of wire mesh discs. 

The projectile passage through the wire mesh discs is 0.05 inch 
in diameter. 

The mechanical noise associated with firing the silenced 
M3 submachine gun is substantial, if not dominant. As with the Sten 
gun, it was found more realistic to evaluate the silenced M3 barrel 
without the overshadowing mechanical noise. Consequently, the 
sound results described herein were obtained with the silenced bar- 
rel held in a special single shot test fixture. * The following sound 
records were recorded by an Ampex 351 tape recorder before being 
transferred to the oscilloscope and the camera film. 

Figure 67 shows a scope trace of the sound pressure-time 
history of a standard caliber . 45 M3 barrel (7. 5 inches long) fired 
with a test fixture. The trace was recorded ten meters to the side of 
the weapon. The two prominent sound pulses on the trace were due 
to exiting of the precursor wave (pt 1, Figure 67) and the gas dis- 
charge following the projectile exit (pt 2). The two pulses were, 
respectively, 115 and 130 db peak SPL. 

Sound signature of the Bell Laboratories silenced barrel 
and test fixture is shown in Figure 68. The main sound pulses were: 

*See Figures 71 and 72 



104 



105 




9 £ C'a m£L<vm 




107 



igure 65* Caliber .45 M3 Submachine Gun/Bell Laboratories Silenced Barrel 
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igure b6. Dis^a^semWy, Caliber .45 Boll Laboratories Silenced M3 Submachine 



table xiv. 



Caliber . 45 M3 Submachine Gun/Bell Laboratories 
Silenced Barrel 



projectile 

Weight 

Diameter 

Velocity (at silencer exit) 

Energy (at silencer exit) 

Travel at peak ballistic pressure (estimated) 
Travel in barrel 

Travel time in barrel (estimated) 

Travel time in silencer 

Propellant 

Weight (HPC1, double base, flake, web~ 0.003 in.) 
Chamber volume 



235 gr 
0. 450 in. 
768 fps 
310 ft-lb 
0, 22 in. 
7. 4 in. 

0. 95 ms 
0. 69 ms 



Ballistic pressure 
Peak 

At gun barrel muzzle (estimated) 

Silencer 

Passage diameter (for projectile) 

Free volume around gun barrel 
Free volume in front portion 
Volume, rolled wire mesh (brass) 
Volume, stacked wire mesh discs (brass) 

Silenced barrel 
W eight 
Total length 

Standard M3 barrel 
W eight 
Length 



20, 000 psi 
200 psi 



0. 50 in. 
7. 2 in. 3 
2. 5 in. 3 
2. 9 in. 3 

2. 8 in. 3 



2. 63 lb 
14. 2 in. 



1.25 lb 
7. 9 in. 



Standard M3 submachine gun weight (without magazine) 8. 1 lb 
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projectile vetoed Z mTT SU *. nced barrel red, -‘« d 

rib TM° ,e : “r 216 StiU - respectable 
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gstol and 50 ,t-lb more than the energy ol the tested , mm ^e'ed 

M, - a, 
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a.t the wire mesh requires Derindi / 1 „ j - 
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AMP Silenced Barrel 

rj. . . AMP silenced M3 barrel (Figures 69 through 72 and 

‘V^T' S b 5 y 6 

rounding the gun barrel ,w j , "-nereasthe space sur- 

forms the system's silencer This f * t * P ° rtlon of the tube 

but its length with ‘ S 

five irregularly positioned rubber discs In thHV b * 

tested at Frankford Arsenal the th Uenced b arrel 

rubber discs was approximately 0 S h *?"“*' thrOU 8 h the 
rtn j. Aimareiy 0 * d inch in diameter Or^ n-i n 

these di sc s probably pariiaily or completely closed o«the VI *’ 

interior. The gun barrel of the AMF system .? u « Wer 

that of a standard M3 weapon This h “ 18 2 “kes shorter than 

slight reduction in projectile velocity. eVEr ’ r<!SUltS ln ° nly 1 
™th a sing J shot ft L" w^m F^r ^ 71 ^ 7 2^ p° ^ ArSe " al 
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Figure 69* Cross section, Caliber .45 AMF Silenced M3 Submachine Gun Barrel 
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Figure 70. Caliber .4= M3 Submachine Gun/ AM F SUenced Barrel 
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Figure 71. 



Assembly, Caliber .45 AMF Silenced M3 Submachine Gun Barrel 
and Test Fixture 







TABLE XV. Caliber . 45 M3 Submachine Gun/AMF 

Silenced Barrel 





projectile 




OJ 

r * 


Weight 


235 gr 


H 


Diameter 


0. 45 in. 


ffl 


Velocity (at silencer exit) 


910 fps 


C 


Energy (at silencer exit) 


435 ft-lb 


0 


Travel at peak ballistic pressure 


0. 22 in. 


<u 


Travel in barrel 


5. 6 in. 


G 

•H 


Travel time in barrel 


0. 85 ms 


o 

6 

.D 


Travel time in silencer 


0.83 ms 


Propellant 




LO 

ro 


Weight (HPC1, double base. Hake, web ~ 0. 003 in. ) 


5 gr ( f 0. 4 gr 






primer) 


TJ 

*» 


Chamber volume 


0.061 in. 3 


0 

G 

01 


Ballistic pressure 




■—I 

-r-» 

to 


Peak 


20, 000 psi 


h 


At barrel muzzle 


1 , 600 psi 






< 


Silencer 






Projectile passage diameter in wire mesh discs 


0. 50 in. 


■ 

u 


Projectile passage diameter in old 




01 

.o 


rubber discs 


0. 50 in. 




Free volume (fornt of barrel) 


4. 9 in. 3 


*5 o 

U £ 


Free volume around barrel (unused) 


2. 9 in. 3 


„ 5 


Volume, stacked brass wire mesh and rubber discs 


4. 5 in. 3 


w—A -r-t 

-o (n 

s* 


Silenced barrel 




0? SO 
D> ID 


W eight 


2. 5 lb 


w £h 
■ nJ 


Length 


15. 1 in. 


« -d 




Q £ 


Standard M3 barrel 




* 

CM 


Weight 


1 . 25 lb 


r-- 

OP 


Length 


8. 0 in. 


M 

G 

Ml 


Standard M3 Submachine gun weight 






(without magazine) 


8. 1 lb 




Time between precursor and projectile exits 
from silencer (estimated) 


0. 56 ms 
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long g" 11 t> arrel without a silencer. The trace was recorded ten 
meters to the side of the weapon. The two prominent sound pulses 
on the trace were due to precursor wave exit (pt 1, Figure 73) and 
gas discharge following the projectile exit (pt 2 ). The corresponding 
peak SPL's of the two pulses were 113 db and 130 db. 

Sound pressure -time history of the AMF silenced M3 
barrel (with old rubber baffles) is shown in Figure 74. The first 
pound recorded upon firing the system was generated at the time of 
primer initiation. The low peak SPL (~93 db) of this sound indicates 
that it was primarily mechanical in nature. The next sound pul Be 
(pt 2, Figure 74) was generated when the blow-by wave exited from 
the silencer. This wave, formed by gases bypassing the projectile, 
resulted in a peak SPL of 127 db. Projectile exited from the silencer 
approximately 0.65 ms later, giving rUe to the positive pulse (pt 3) 
of 121 db peak SPL, 



In general, firing of the AMF silenced barrel was char- 
acterized by a relatively sharp crack, perhaps only slightly quieter 
than that of a standard caliber . 22 Short pistol. Better acoustical 
results would possibly have been realized if the rubber diBcs were 
new. However, the system’s loudness would probably still be limited 
by noise due to abrupt emergence of the massive projectile. (See data 
on 9 mm Welrod. ) 



CONCLUSIONS 



The more important physical, functional, and acoustical data 
of the tested silenced and unsilenced weapons are tabulated in Table 
XVI. The peak SPL's of the various pulses in this table were taken 
from the preceding sound scope traces. Incases where the sound 
scope trace was recorded at a distance other than five meters, the 
data were extrapolated for comparative purposes. 




Although in most weapons the major sound pulse was generated 
** fune of projectile exit, there were some weapons (such as the 
caliber .22 Frankford Arsenal silencer, caliber . 30 carbine, etc.) 
Whicli gnerated the largest pulse because of blow-by. Some weapons 
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y “ 390 /^bars/cm 
x = 0.5 ma/cm 
1 cm « 1 major division 
Microphone: B5K 4135 



(f) Primer Initiation 
(2) Blow-by Exit from Silencer 
. : J") Projectile Exit from Silencer 
.© .Ground Reflection 



L X w 93 db 
L 2 = 127 db 
L 3 = 121 db 



Figure 74* 



Sound Pres sure -Time History, five meter* to side. Caliber 
M3 Submachine Gun Barrel in Test Fixture 



,45 AMF Silenced 
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(with gun barrel bleed holeB) generated a large sound pulse due to 
bleed hole blow-by. In all weapons except the caliber .45 Bell Lab- 
oratories silenced barrel, this pulse was secondary in magnitude. 

The primer initiation peak SPL was found to vary from weapon 
to weapon. There were even substantial differences between similar 
weapons. However, since in most cases the largest primer initiation 
pulse was due to gas leakage around the cartridge case, substantial 
differences in SPL could be attributed to minute differences in car- 

t " dg ' cha ™ ber or s imply to dirt ac Coro option in the weapon . 

e highest primer initiation SPL was that of the 9 mm MPK (114 db). 

he caliber 32 sleeve gun had the lowest initiation pulse with a peak* 
SPL of only B7 db. 

For some of the silenced weapons, sound scope traces were 

taken at various distances (1, 5, and 10 meters). Although the data 

are not included herein, it is worth mentioning that with some silenced 

weapons the peak SPL readings at 1 and 5 meters were found to differ 

by asmuchas 18 db. This is a 4-db greater attenuation than would be 

expected from a Bimple spherical expansion. From 5 to 10 meters, 

the peak SPL of some weapons was attenuated by nearly 7 db instead of 

the normal 6 db. It was also noticed that with distance, some changes 

occurred m the general shape of the various sound signals. In each 

case many of the short sound pulses tended slowly to coalesce, thus 

defining more and more clearly such pulses as precursor, blow-bv 
etc. ' * 

The above effects can be attributed to the fact that high sound 
pressures propagate at a slightly faster velocity than lower sound 
pressures.* Although the phenomenon may bear little significance 
in general acoustics, in Frankford Arsenal teBts it was found suffi- 
cient to induce a slow, but noticeable, change in the shape of the 
various major pulses toward that of a balanced N-wave. 

Throughout the sound tests, efforts were made to note how each 
weapon sounded to a listener, particularly in terms of quality and re- 
lative loudness. These impressions were later compared with the 
corresponding sound scope traces. Although, at most, only several 
listeners were involved, the consensus is nevertheless interesting. 
Almost invariably sound signatures with one or several shock pulses 



See Appendix C 
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sounded sharp and snappy; the signatures containing a large number 
of pulses or simply more ’’hash 11 also sounded snappy, but less 
‘ sharp, more prolonged, more muffled, and more random in quality. 
Sound signatures which were predominatly "hash" (such as those of 
the Sten, Maxim, and carbine) sounded like an abrupt initiation of a 
his s (or hish). All sound signatures containing distinct and recog- 
nizable shocks seemed more piercing. 

Although the quality of each sound signature was definitely rec- 
ognizable, the primary factor determining the relative loudnesB was 
found to be the signal's peak SPL.* Whether by coincidence or design, 
the weapons with higher peak SPL almost invariably sounded louder 
and rhore perceptible. This, of course does not discount the fact 
that there may be other dominant factors affecting a given weapon's 
detectability at large distances. As an example one could consider 
the faster attenuation of short pulses with distance. 

Compiled experimental sound data indicate that the better si- 
lenced systems registered a peak SPL of approximately 110 db five 
meters from the weapon. In most weapons, the main sound source 
was the abrupt discharge of propellent gas. In some weapons (those 
with flexible baffles) the noise due to gas discharge was relatively low; 
however, the abrupt projectile emergence at the muzzle generated a 
noise just as undesirable. The precursor wave of an unsilenced 
weapon generated a peak SPL in the vicinity of 120 db. Most of the 
straight-through silenced weapons tested attenuated the precursor 
down to about 90 db. The mechanical noise was found to depend on 
system design. In some of the quieter weapons, mechanical noise was 
in the vicinity of 90 db. 

Evaluation of the compiled experimental and theoretical data 
indicates that a silenced system quieter than the weapons teBted at 
Frankford Arsenal is feasible. However, a System with noise level 
below 90 db at five meters will most likely evolve gradually and only 
with a fuller understanding of the noise-generating mechanisms. 



RE COMME NDATIONS 



1. Conduct analytical design of an optimum silenced small arms 
weapon based on experimental and analytical data generated to date. 

*See Appendix F 
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2. Continue analytical study of noise -generating and attenuating 
mechanisms in small arm weapons. attenuating 

. , 3 ' Acoustlca i evaluation of small arm weapons should be based 
on identification and interpretation of individual noise sources de- 
termined from oscilloscope traces of the overall weapon sound history 

?gilc°a 1 ^ PreaSUre UVel 5h ° Uid ^ eStabUShed as a of p„,na ry 
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APPENDIX A 

BALLISTIC CRACK FIELD 



When a supersonic projectile exits an unsilenced gun barrel, 
the uncorked propellent gases generate a spherically expanding blast 

The wave initially bypas ses the projectile; however, dissipating 
rapidly, it slows down to almost Bonic velocity and is overtaken by 
the projectile within a matter of a few feet from the muzzle. Later, 
in the free far field, the initial projectile lag is overshadowed by the 
linear geometric expansions, and projectile, muzzle blast, and bal- 
listic crack acquire approximately the proportional relationship shown 
below. 



MUZZLE BLAST 







Here the sound field consists essentially of ballistic crack, muzzle 
blast, and muzzle blast passed over by ballistic crack. The accous- 
tical significance of ballistic crack and muzzle blast have been pre- 
viously considered.* It only remains to mention that the section of 
tnuzzle blast wave, having been passed over by the ballistic crack, 

*See Appendix C and Reference 46, 
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ST' SUffErE “' ly Slight refra «io- »»d scattering by turbn- 
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Thus, it is seen that, with the usual supersonic projectile velocities 
the ballistic crack is confined to approximately a 130“ cone to the ’ 
front of the weapon. The cone increases to 160° with projectile 
Mach number of 6. At Mach 1. 5, the cone decreases to about 100° 
and at Mach 1 it vanishes altogether. 

The above data find application when silencing a supersonic 
weapon. Thus, although the silencer will effectively attenuate muzzle 
blast the usually loud and far ranging ballistic crack will still persist 
within the defined frontal cone. To the side and the rear will be 
beard the somewhat weaker, spherically expanding ballistic crack 
reflecting from the weapon. 
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APPENDIX B 



SUBSONIC PROJECTILE FLIGHT NOISE 



Subsonic projectiles generate noise in flight. Although this 
noise is much quieter than that of supersonic projectiles, it can be 
quite loud and detectable at large distances from the projectile 
trajectory. To the side of the passing subsonic projectile, one hears 
the characteristic swish; first increasing, then diminishing in in- 
tensity. Although this noise, like all turbulence-initiated noises, can 
have a aeeming^ljr random quality, in the far field it is generally found 
to be periodic. Its frequency depends primarily on the flow velocity 
and the diameter of obstruction in the flow; however, as will be seen, 
several other factors must also be given consideration. A typical 
subsonic, small caliber, flat based projectile generates about 95 db 
peak SPL at 10 meters from its trajectory. In comparison, the 
more streamlined projectiles are generally found substantially 
quieter. 

The basic noise -generating mechanism of subsonic projectiles 
consists, briefly, of the following. Throughout the projectile flight 
a certain amount of air within the turbulent boundary layer follows 
the projectile. (See simplified figure below.) 




The velocity differential between the surrounding air and the air 
traveling with the projectile generates shear forces which accelerate 
the air within the boundary layer into a vortical spin. The attached 
spherical vortex size increases simultaneously with increased spin 
until the vortex is finally washed downstream. Thus, the amount of 
air traveling with the projectile decreases and the process repeats. 
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The energy of the attached spherical vortex 27 propagating at 
the velocity of the projectile is 




Upon equating the above two equations, it is found that 

( 3 ) 

Thus, the projectile vortex shedding frequency acquires the familiar 
form of Strouhal frequency, f = (const) V/b. For flat tailed projectiles 
C b has a typical value of 0. 2. When the flow is fully attached, which 
is the case with projectile boat tail tapers not exceeding about 15 c , 
the wake diameter can generally be assumed equal to that of the pro- 
jectile base flat. If the flow separates before the tail end, then the 
wake cross-section area can be taken as approximately the average 
projectile area between tail and point of separation. 




Representing the sound generating projectile as a moving 
monopole Bource, the far field sound pressure to the side of the pro- 
jectile becomes 

P = _L,lf£E\ 

4nr\ dt 2 1 (4) 
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where 



r = distance from projectile trajectory; 
d^m 

dt2 ~ time chan S e of air mass flow ratSjfrom and toward 
projectile. 

The sound pres sure, as a function of time, can be represented by 



P = P m sin 2rrft 



(S) 



where 



Pm = peak sound pressure; 
t = time. 



Combining Equations 4 and 5 and integrating, the 
at the projectile is found to be represented by 



air mass flow rate 



_ _ 2rpm 



cos 2nft 



< 6 ) 



Integration of above equation over a time period of half a cycle yields 
the periodic change in aiT mass attached to the projectile as 



M = 



TTf 2 



(7> 



Thus, the peak sound pressure as a function of frequency 
ically transferable mass becomes 

nf 2 M 

Prn = 2r 



and period- 



( 8 ) 



But, the transferred mass at the projectile ia that of the spherical 
vortex; i. e. , 



M « yb 3 p 0 



(9) 
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Combining Equations 3, 8, and 9, the peak sound pressure generated 
by the subsonic projectile is found to be 



49JT 2 bc ^°oV 2 
1200 r 



UO) 



Thus, knowing the projectile shape and velocity. Equation 10 may be 
used to estimate the peak sound pressure. Comparison of such 
estimates with experimental data available to date* from a few 
variously shaped projectiles indicated reatively good agreement* 
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APPENDIX C 



GUN MUZZLE BLAST 



In the far field, a noise generating tube can often be treated 
as a simple acoustical monopole source;^! 34 that is, its sound 
diverges as a symmetrical sphere. This is most readily borne out 
by the schlieren photographs of discharging shock tubes and abruptly 
uncorked pressurized cylinders (including small arm weapons). 5, 18 
Each of these cases almost invariably shows the initial shock expanding 
spherically from the tube mouth. It may naturally be further inferred 
that the air or gas behind the expanding shock also moves spherically 
away from the source. 

Physically, a monopole source can be envisioned as a spherical 
baloon expanding or contracting uniformly in all directions, thus gen- 
erating sound pressures which also diverge uniformly in all directions. 
The far field sound pressure for such a so ur c e is given by 




where 

P - far field sound pressure 
D 0 = ambient air density; 
r = distance from source; 

Q = volume of ambient air being displaced by source; 
t = time . 



Algebraic manipulation and integration of the above equation yields 




where 





instantaneous air volume displacement rate at the source; 

cumulative area under the 3ound signal's pressure- 
time trace. 
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With a source ( such as a porous sphere, a nozzle, etc.) of constant 
discharge area emitting gas, the air displacement depends on the quan- 
tity of gas bein 8 discharged and on how this gas expands from discharge 
to atmospheric pressure. In cases of interest the expansion process 
is generally very nearly isentropic. Thus, the instantaneous air 
volume displacement rate can be expressed by 



dQ 



) * &) 



1/Y 



Vt 



(3) 



where 




absolute pressure of gas at discharge; 

ambient air pressure; 
gas ratio of specific heats; 
gas discharge area; 

gas flow velocity at discharge. 



The sound signal pressure-time area becomes related to the 
source gas flow parameters by 




Thus, it is seen that the cumulative sound signal impulse is directly 
proportional to the volumetric air or gas flow rate at the source. 
That is, the positive and the negative sound pulses represent, re- 
spectively, an increase and a decrease in gas flow rate. Further, 
since a given increase in gas flow must eventually be followed by an 
equal decrease in gas flow, it follows that a transient signal must 
necessarily consist of both a positive and a negative portion. Each, 
however, may be variously distributed throughout time. Although 
Equation 4 is sufficient to describe the sound field due to change in 
gas flow over a finite time, it is insufficient for application to prob- 
lems involving abrupt initiation or cessation of gas flows. 

Consider a point Bource of spherical discharge area, A t . If 
the source abruptly starts and continues discharging gas at a steady 
rate, a sawtooth sound pulse will emanate from the source (see 

sketch). 
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Steady flow conditions will be established 
where gas flow rate will be 



behind the 



sound pulse, 



-^tPtUt = A pu 

where 




A t 

p t 



source gas discharge area, 4TTb 2 ; 



gas discharge density; 
gas discharge flow velocity; 

area, density, and flow velocity 
source. 



at some distance from the 



If, at the source, the discharge conditions are supersonic i e 
flow velocity is equal to local sonic velocity, then in the range 
-b < x £ 










From Equations 5, 6, and 

a -iy 

A t \ Y + 



' p t(: 






and 





- absolute pressure of gas at discharge; 

= discharge sonic velocity; 
x = distance from center of source; 

P,a - absolute pressure and sonic velocity at some distance, x, 
from source. 

At distance x 0 from the source, the gas will have fully expanded 
to atmospheric pressure. At this location, x = x 0 , 




Prom Equation 8, 





00 ) 



oi) 
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and from Enuati on Q 




and 




and, from Equation 5, 




(14) 



(15) 



Integrating Equation 15 fox the boundary conditions of x = x Q at 



t = 0, 




Which describes the location and velocity of a u 

particle with tim Q r . , * a given discharge gas 

me. Consider now an abruptly initiated gas flow 
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and the air particles immediately in front of the advancing gas front. 

The air velocity and location can be described by Equations 16 and 17. 
The pressure of the air is related to its velocity. Thus, if it is assumed 
that the air acquired its velocity by virtue of a passing shock, 2 9 then 
the overpressure will be given by 



(18) 

where 

M = u/a Q , air flow Mach No. 

= static gauge pressure. 

For M ^1, the overpressure may be estimated by 



AP = 



Y + 1 



vPqM 



1 +. 1 + 



Y(y + 1) m 



AP 



y -'- YP 0 M 2 
2 



(19) 



If it is assumed that the air in front of the advancing gas front acquired 
its velocity through insentropic wave compression, then the over- 
pressure can be expressed by 




For M si, this overpressure may be estimated by 



AP « YP 0 M (21) 

Whichever case is assumed, shock or isentropic wave compression 
(the actual case will be someplace between the two), it is evident 
that a reasonable overall representation of the overpressure in 
terms of velocity is obtainable with 

k2 

AP « kjM (22) 

where 

kj and k^ = appropriate constants. 
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d N e7c'riU Ph b e y riCal PreSSUre *«» it- source c an be 



APx 




where 



( 23 ) 



4P - overpressure at given distance * from center of source . 
P - overpressure (or sound pressure) at distance r. 



Substituting Equations 16 , 17 and 2n t r 

- >• r4LT-- 







(24) 



!3S>“.“ is 1 :;,: « 




It can be seen that in each case the smmd « 

exponentiauy with time. The rate of decreas^ 7“““* 

the characteristic flow parameters of th * however, depends on 

when the sound pressure is very near 7 ”217' E *“ Pt *' the tirae 

7 T P® 1 factor 3u o t/x 0 is 
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ubstantially larger than 1, and the sound pressure can be estimated 





Taking the time t as the representative time period of the sound 
pulse and rearranging Equation 25, 




If the time period is established at a constant pressure ratio(p m /p), 
then it will depend only on the source discharge area, discharge pres- 
sure, and discharge velocity, and can be expressed, generally, as 




C = an arbitrary constant. 

This equation is seen to be similar in forrruto the "Strouhal’ 1 frequency 

except for the additional factor (P t /P 0 ) 3 ^" 74 \ It is to be noted that 
the sound pulse duration remains relatively independent of the equation 
used for relating the air pressure to its velocity. The only prerequisite 
ie that it is of the form described by Equation 22. 

Some insight into the above problem is to be gained by con- 
sidering the nonlinear propagation of strong sound pulses. 13 Con- 
sider a relatively strong sawtooth sound pulse (shown in the following 
sketch). & 



139 





By virtue of higher pressure, the shock front (point 1) will prolate 
faster than the pulse tail (point Z). The velocity of the shock front 





V + n Pm 

4V 1 P Q 



(28) 



The pulse tail of course, propagates at approximately ambient sonic 

elocity, a-o* Due to this velocity differential, the pulse will tend to 

stretch out with time {and travel). Change in the pulse time duration 
can be represented in differential form by 



dT = X.+ i -P™ dr 

4Y P 0 a 0 ^ (^9) 

t s t p t time ^ -u nd 

thp r 1 u t e. For the spherically expanding wave front 

rc P ;et“; betWeea P “ 1Se P ™- cJL 



Tpmr - T lPml r, 



(30) 
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where 



T and p = pulse duration and pressure at some reference 
1 - 1 location, rj; 

T and p m - pulse duration and pressure at some location, r 

Solution of Equations Z9 and 30 indicates that the instantaneous peak 
sound pressure of a sawtooth pulse can be represented in terms of 

its travel by 



Y + 1 

2Y 



Pml r i 

Pml r 1 
P o*o T l 






+ 1 



1/2 



{31) 



Tbe sound pulse time duration, as a function of travel, is 



T = T 



(Hi PmllL ln(M+ 1] 
!• 2V P 0 a 0 T 1 Vtj/ j 



1/2 



(32) 



Thus, it is seen that the relative time duration of a sound 
pulse with long wave length and small amplitude changes little 
with distance from its source. On the other hand, short sound 
pulses, especially those of high amplitude , can significantly incrase 
in time duration. This time increase is accompanied by a proportionate 
decrease in amplitude beyond that of the simple spherical expansion. 



Consider now a long pressurized cylinder (sketch following) 
containing a gas. Initially, the gas is at some absolute pressure, 

Pp and absolute temperature, T^. Initial velocity of gas is zero. 

As the cylinder is suddenly uncorked, a sawtooth sound pulse emanates 
from the mouth of the cylinder while a rarefaction wave travels in- 
Ward. Until the rarefaction wave reflects from the bottom of the 
cylinder, the discharge conditions at the tube exit remain relatively 
Constant and dependent on the initial gas conditions. 

If the initial sound pulse due to abrupt initiation of gas flow is repre- 
sented by a right triangle of amplitude, p m , and time duration, T, then 



pdt 



Pm T 

Z 



(33) 
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and, from Equation 4, the peak eound pressure becomes 



Pm- P ° ( P t\ i/y 
aiaj ™ t ioc^. Ut rCSPeCtlVCl >'' ^charge area ( *2/4), pr f 



*1 * t 






Gas discharge /-m^e^Hnder depend* on thc lnitlal gas conditlons . 

^ - o \~Z~J ^3.6P op 



Pt= Po 



(35) 




and subsonic conditions prevail at the tube exit, i. e, , locally, flow 
velocity is smaller than sonic velocity* ^ Zy/(V-1) 

If the initial gas pressure is P a p Q V— ) 



p t - p i ( yTI')^'" 1 ~ ■ 28 P 




In this case the gas is discharged at a velocity just equal to its local 
•onic velocity. This is the usual case found in unsilenced (and most 
silenced) weapons, as here the pressures encountered are generally 
above critical. From Equation 27 the time duration of the sound pulse 
due to uncorking of a pressurized cylinder is 




where 

d - diameter 01 the cylinder; 
k % 3, an empirical constant. 

Combining Equations 34, 37, 38, an 39, the peak sound pressure due 
to an uncorked cylinder becomes 



(V+l) 



V + 1 

2^- !) P Q d 
8kr 



Tl 

T_ 



)( 



5-3 V 



and it seen that the peak sound pressure is directly proportional to the 
^initial absolute gas temperature and only weakly dependent on the 
initial gas pressure, as long as it is above critical. However, since 
»n the gun, high pressure is generally accompanied by high temperature, 
the peak sound pressure is not completely independent of the initial 
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ZTco^rls^ •; en^opicajy r It s *" ***** "■*«««* 

T ! = T (p, /p j (Y-1)/V P , 1 lmbal condition, then 

6 ° Und P refi sure > in terms Joolya^Z ZlTl ^ ^ 

result is that ^ ^ p (YtllV tie unbal cylmdur pressure. The 

ably well w ifll experlm’euta, d ate r “ S ° n - 

is dir^;rt™ r i e f : eid ; f h the »“*- d cylinder 

ward. Directly to the side * , * ‘ rd the fronl and 1"*« rear- 

average. This directional effect can^T imately . a re P re tentative 

elfect can be approximately represented by 



Pm 9 



where 




(41) 



P ”® = P 7 k SOUnd pres3ur€ *t given aximuth angle 0 - 

M t ' Va OJ discharge Mach No. ; 

n = constant equal to approximately 2; 

P m = peak sound pressure directly to the side. 



b™T ak PreSSUr ' — ‘ « **™n azimuth angle, of course. 




144 



I 



APPENDIX D 



GUN SILENCERS 



Consider a typical silenced weapon, consisting of a gun barrel 
of volume and a baffled silencer of volume (see sketch below). 
During its cycle, the projectile is accelerated by the high pressure 
eases in the barrel. Following this, the projectile travels through 



the silencer while the propellent gas expands into the silencer cavity 
behind the projectile. Just prior to exiting from the gun barrel, the 
propellent gases are typically in the vicinity of 2000* F and 3000 psi. 




During its expansion into the silencer cavity, the propellent 
gas mixes with the air contained within the silencer. The air, 
originally at ambient pressure and temperature, is compressed 
while the propellent gas pressure and temperature naturally de- 
crease. In a typical silenced system, with the silencer volume 
of the order of 20 times that of its gun barrel, the conditions 
within the silencer just prior to projectile exit are of the order 
of 60 psi and 300* F. The projectile, being subsonic (presumably), 
travels through the silencer at a velocity close to 1000 fps. Just 
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a' Pr f t Ctlle ^ «“ spencer 

shock, sonic and flol v,T > OWI ” g gra P h * hich shov,a the 
- function of’pre^re ° ^ * **' ° r *** si ™*« to air. as 




^tzTr M: £ rtr ««. in . 

its length at the time the p^.cZ^TeTl^ ^ 

the propellent gas and air undergo isent - * * nCCT ' Considering 

respectively, the aheolnte pressure ^^^“7'^°”' 

^5^ in the case o f a supersonic 
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which can 



be simplified to 




v 

1 





where 

P = absolute propellent gas pressure in gun barrel at the 
1 time of projectile exit from gun barrel. 

P Q = ambient air pressure {14.7 psi); 

v = silencer volume; 

= gun barrel volume; 

V = ratio of specific heats for air and propellent gas (actually 
for air , y = 1.4; for propellent gas, v« 1.2), 

Similarly, the absolute temperature of propellent gas in the silencer 
at the time of projectile exit is 




where 

Tj = absolute temperature of propellent gas at the time of 
projectile exit from the gun barrel. 
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|P™p“^-l')/v tem[lerah,re of air compressed in the silencer is 
TZ i v 2 Arj ) . w hich is very nearly equal to T 2 . Thus, the 

Tr r 2r may be assumed to be 4116 ^ ^ <* p™.* 

gas (i. e. , that given by Equation 3). 

x M Pr ° je T C f tile e f it from ^ silencer will be followed by an efflux 

P <p C /Y + j exit • Ae silencer pressure is 

V P °frj «1.9P 0 , then 



p t = P, 



and 



(4) 



U t "S 



y-i 



[-( 




/Mv] 

\ p 2/ J 



(5) 



where P fc absolute discharge pressure; 

= discharge velocity; 

a 2 = sonic velocity within silencer at time of projects exit; 
a 0 ~ ambient sonic velocity. 

T o = absolute ambient temperature. 

In this case the discharge conditions will be subsonic- that is 

Tz V TZ t h 11 th e lo r chan sonic at the p° int ?" 

projectile “ I U ^^^ocer, pre s^sure at the tile 'o7 



P - P 

t *2 



(■ -L_ ) Y + 1 

W+ 1 7 



(6) 



u - 
t 



Y+l 



^7 ^ 



P'2 



v + i o \ft 



(7) 
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tfow the discharge conditions will be supersonic, with the flow velocity 
at discharge being equal to the local sonic velocity (u t =a t ). This, 
in fact, is the typical condition to be expected in most conventional 
silencers. As the projectile exits from the silencer, the abrupt un- 
corking of internal pressure will generate a sawtooth sound pulse. 

The time duration of this pulse is given by Equation 39 of Appendix 




where 

k « 3, an empirical constant; 
d = silencer exit diameter. 

The peak sound pressure of the sound pulse is described by Equation 
23 of Appendix 




p Q = ambient air density; 
r = distance from the weapon; 

A^ = nd^/4, silencer discharge area. 

Combination of Equations 6, 7, 8, and 9 yields the peak sound 

pressure of an abruptly uncorked silencer, to the side of the wea- 
pon, as 



where 





Y + 1 



YPod 

8kr 




( 10 ) 



1*2 ana T 2 are the absolute silencer pressure and temperature, 
respectively, established by Equations 2 and 3. 
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silencer (from Equation* 1 Orcarb^l^b e^as" ^ ^ 1116 Uncorked 




on the peak sound presaur^ H* si^UarlA* ^ ^ ° rption in the silencer 
pressure is related to i*«? + PTY , ’ ^ tD dle above, the silencer's 

the peak sound pressure can be^xpress^d as a f° (T 2 /T o )(Y ~ 1 j/Y , then 

lencer temperature, which gives" JL ^ ^ si ~ 

heat absorption i n the B ilencer p tirSU« Jre T „ u ’ With maximum 
to ambient temperature T From fv! *■- ^2 WI ^ have been reduced 

-s ound pres 3 »re P leve: ^°to ^ ^ ° ! P-k 

vicinity of 6 db. tamed in a typical silencer is in the 



Sjnc. Ior - .. 

ss-- tr "p^“r cn 

££ & f s i^r;: mraediate ^ aft " p-i«tu e s;trbf s s ^td r8£ 



primarily dependent on tL quantitTo^ za fr ° m * e silm «r is 

Aat time, which, in turn, is deteSnimfd bvt^^ 41 ln * e e Y stem at 

through blow- by . The percentage of *l d ^f^Xb ° f gaS loSt 

6 v* gas lost can be represented by 



where Am = 



m 



P2 = 



Am 



m 



-)= 



r 



(A t p t u t ) dt 



p 2 f v l 4 V2) 



(12) 



WOW - by d '™S «»« projectile 

timet t0tal ° f ^ “ astern; 

gas density in .ystem at time projectile exits 



rhe duration of blow- by iB limited to »■ 
to traverse the silencer. If durinc this i-™ 6 U takes * e projectile 
Cted (m“™utn) gas flow rate if assured,’ £ e C ° nBtam ^ 
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(13) 



r 



(A^Pt u t)dt = A t P tUt t 



where 

= silencer discharge area; 
p t = discharge gas density; 

= discharge gas velocity; 
t = time it takes projectile to traverse silencer 
With maximum discharge conditions. 



p ‘ = p * (vfr) 



i/v- 1 






The silencer discharge area is approximately 



Vj = volume of gun barrel; 

^ = length of gun barrel; 

The time it takes the projectile to traverse the silencers is 



t - 



a c M 



where 



= silencer length; 

= projectile Mach No. 



With the Be 



definitions. Equation 12 reduces to 

I , \2(y-u rzr /, 



Am 






T2 

To 



l ■> 
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Substitution of typical quantities into Equation 18 reveals tha- 
: , hln ** restraint, the nan™, percentage of gas ft™ If 
Sileneer can lose throngh bW-by is in the order of i perce j 

From this it may be concluded that the Mow- by has a very small 

^::r charge at «■* ^ ^ 

U is assumed that the gas discharge" from ‘he “ be nT^ed 
at the time projectile exits the gun barrel the time / . imtiated 

posed by the silencer length and projectile* velocity Th ^ ** ^ 
Which the discharge can ancreas/frl 5?*? 

T " T^tr (i9) 

peak ^nrr Eq ^ 5 6 ind 71 • E -“- ’ the 



Y+l 




icaTTstem ^ Equatiofl 10 substitution of typ- 

former can be expected to eapand throngh the silencer at almo'st 
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mbient sonic velocity. This allows the assumption that the re- 
flections of the precursor within a properly designed silencer will 
have practically no effect on the forward wave front. In a properly 
desig ned silencer, the baffles or other silencer components would 
be such as would not impede the natural spherical expansion of the 
t^ave front within the silencer. Example of this can be seen with 
the rearward-slanted, conical baffles. 

Consider now two gun barrels identical in all respects except 
that one is equipped with a silencer (see sketch below). 




In the first case the precursor wave generated in the gun barrel will 
be unattenuated. At some distance r, in the far field, its sound 
pressure will be 




= silencer length; 

P 2 = precursor sound pressure 'gauge) at distance j l from gun muzzle. 
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In the second m ^ a, 

(spherically) in the silencer prior 7*™ ' VUl expand unimpeded 
At the front end of the .il en « r the ’ “P*" 81 ™ «* atmosphere, 

an absolute pressure, which can ^.^7/ ”” fr ° nt ^ *«“'“« 

P 2 , p o f 2P , (22) 

- - — —U. 




^ theMo w^el ociTy ‘to" eUminati «> 1«» order terms re- 



u t ^ /8or~rr a ° 

V^o 



(24) 



Corresponding to this fl ow velocity t>,e u 
(guage) at the silencer exit will be discharge pressure 



yp 0 ^t 



= V^Y-I)p. 



(25) 






p " Pt d 

^3 « _L_ 

4r 



<SfY- 1) p 2 d 



(26) 



4r 



where 

d = dilm ater of silencer opening, 

sound Pressur'mtrmToT the ^ttLlTed ^ i 
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( 28 ) 



The attenuation of the precur sorbin decibels, is 




Substitution of typical quantities in Equation 28 indicates that a 
properly designed silencer, approximately 6 in. long and .35 caliber, 
can be expected to attenuate the precursor by some 30 db. 

An interesting problem presents itself in considering attenuation 
of the silencer type shown in the first diagram of the following sketch. 




Here, the silencing volume is separated into two chambers, one in 
front of and one surrounding the gun barrel. A bleed hole (or series 
of bleed holes) leading to the surrounding chamber is provided in 
the gun barrel. As the projectile passes the bleed hole, the propel- 
lent gases in the gun barrel expand into the surrounding chamber. 
When the projectile exits into the front silencer section, the pressure 
in the gun barrel decreases and the gas flow in the bleed hole re- 
verses. If the bleed hole is sufficiently small, then, because of the 
greater initial pressure differential, gas flow will be faster into the 
surrounding chamber than out of it. This technique is capable of 
substantially reducing the pressure in the front silencer at the time 
of projectile exit. An optimum exploitation of this technique would 
be to introduce a one-way valve in the bleed hole leading to the 
surrounding silencer cavity. Consider the silencer with a relatively 
large bleed hole, so that gas flow into and out of the surrounding 
chamber is relatively rapid. The gas expansion processes will be 
very nearly isentropic so that the silencer pressure at the time of 
projectile exit from the silencer (from Equation 2) will be 
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where 

P o ~ a mbient air pressure; 

= pressure in gun barrel just before bleed-off; 

V l = volume of gun barrel before bleed -off; 
v o = volume of silencer 

2 iencer chamber surrounding gun barrel- 

v 3 - volume of front silencer chamber. 



In a silencer with a bleed hole valve th* 
the projectile exit from the eU n ha * , ex P anfil °n process up to 
Beyond this point, howev^.X g^s 

vnl1 expand into theforward silencer * mainm g in the gun barrel 
surrounding chamber will be traoned eCtl ° n whlle the gases in the 

Isentropic e r sible sh!w «'“••• 

pressure as g ei muzzle gives the gas 




Expansion of the parpr ■*- -» ■ • „ 

Silencer section gives the l ° r ^ rd 




™^r P 7Z%T: h j:r im 3o - **• PrBa8ure at 




“ f ° Und — - reduction in 
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( 33 ) 




Substitution of typical quantities found in silencers into Equation 33 
indicates that in order to obtain maximum attenuation, the surrounding 
Bilencer chamber should be approximately 0.7 times that of the for- 
ward chamber. The difference in attenuation of the silencer with a 
bleed hole valve and the simple volumetric silencer can be estimated* 
from 



AL r; 20 log 




(Y + 1)/4y 



(34) 



where F^' & P^" are as defined by Equations 29 and 32. In a silenced 
system with gun barrel pressure of 2500 psi and silencer -to-gun 
barrel volume ratio of 20, the bleed hole valve technique yields approx- 
imately an additional 4 db attenuation in peak SPL,. The technique can 
be expected to be more effective with small volume silencers and less 
effective with larger ones. 



* 

See Equations 10 and 11. 
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RE A DE MAC°N WASHINGTON AND ALFRED WILLIS CAPY OF tiatta* 

exas, assignors of one-fourth to said Washington. 

ATTACHMENT FOR BARRELS OF FIREARMS. 

aJTSCIFICATION fonnm* j*rt erf IMtare Wo . ftt*.**,*^ QctoW 2, 1900 . 

AwUatjnOii J*»nT»,isf B> (WU1 Io. 701,340. 

To all whom it may cotveern: \ *h» u , . 

Be it k oflwa tl.*t w B , Rkade Macon Wash- * ®. trftp - or ,fa *T» *■!•»«* In 

XNCTON and Alfred Wii.usCapt of DatbS ^ oxtens.oo 11 of tbe body and 

ia the county of Dh)]** ;iT .d State’ of TwI Z 5 ?^^* f hain ^ r **" proper may 

5 bAVe in mooted a new and useful Attachment nnrti^ ^ eaned wh ®n desired, tie rear end 55 

U> the Barrels of Firearm, of whfchtJe fal ^ 11 Closed by a plug 

lowinp is a full , clear, aud «.cT .WrinHoo I*™' 11 ™ otherwise detaehiw? 

Due object of my invention is to provide ft SSkb' J 1 ! , V pl> * r SDrfHee <* the 
simple, light, ye l durable device adSpled fo? STn/th I ** 7 * ^ corrft8 P ondin ^ 

0 aitacbmeijt to the muzzlMof rifles muskete JtThf th ? ™ 1 order that the eightof *0 

and other arms adapted to fire ballets barrel shall not be interfered with. The 

so construct the attachment that R^jU I H!! ^ l?!” ^f/***? A “ d the * xUm * ioa 
terially modify or entirely prevent the nZe “ “«P»«»H*»»ber ; " 

made when a weapon is d’ischareed and Jm ^ portioae of Ibis enpansion-ebafn- 

S aJso Act to nnpprees thesmoke aim wteaRreh ^ThriSt ^ ** herein * ft «r stated. <5 

when black powder is used. ^ Jody casing A is adapted to receive a 

A further object of the invention is 10 f*. P "’J * ?? p forward or deliv- 

tam the ends above set forth without impair fo elide wftW ^ tlf W - " 3 “ P ad,pt * d 

mg the power or accuracy of the we*^n t*"^**^ «nd in held in 

o The invention consists in the noveT con. herewith in nny approved mao yo 

struct ion and combination of the mirAr <J r~**' for BMnj P le 3 tbrongb the medium of 
par-s. as will be hereinXr folffLuS? l ?£ £*“? ^ io **» 

iwid pointed out in the claim. ’ 1 .J 515 t P* V * 7 ™ “ of the cap B is 

■Reference is to be had totheAecomvumvin* ^choed^ the inclination being from the ap- 

S forming* part of thiss|MK'ifi^iipo^ forwardly. and the 75 

m which similar characters y f reference idi' Z ,{ lb#e *P»opa» from a point at or 
cate corresponding parts i Urt |l the fi-ura ^ t t ° ,n «enr thetop. The 

Figure 1 is a side elevation nf a .Tel a “, pper T“ rt . Ion of the ’“®«f inclined face of 
the attachment applied thereto. Fig * ? 9 "a 15 ° *' th a dBfl60liD S-pl«**o 

.o longitudinal scctiun through the Attach ment. 5 SUSlS de ^* eH “« P l «®ba8 an open- So 

£» sash sL-sxaS 

applied, Ld‘ r f ™} , 5 ! s h L rh ^ e .™^f““uJ^ f«-»« I of u» op,,,,: 16 i„ 

i M. Uk. pncticKlly on u. Iln. 3 3 per tSff .* ' 5 

This casing is provided with a collar 1 Oat the thaSiTl? ll*" S |B J*t e, ‘ l,S ' |d * 1 * and 
° rearendof its body portion and thenaid^l f T ^ ‘ho bora A of the barrel. Thin 90 

iar is adapted to Krew^ np^ 0 “ »£ , KrTnfM^ ™ ** tbe 

wjms attached to the forward or | IU «I^ V° rn . of tb ^ , barrel iB on\f>r that the bullet 
of the barrel A' of a gun, i^own ^tiZn d ' Hch *^ from ^rrel may pass through 

5 ;i e b ^TT' a a tiKSr ::Eu s ;^Tdt r JL 6 ^f oot *■ & « 

formed, which is usually circuUr in cross. S«5«2 ° f lhe "^cbaniiin. 

section bnL , n av have n"rh«r , r!Z= . <1e9, K°<*l t» confine the gases. 

contour. The exlensim, U f roSTSST^SSS istanheZT °m ** chamber l«* 

IS adapted to extend rearwardly Iwncath the this wl^’ ?“** 18 open 

0 barrel a Deceseary distance when the e*sfn^ ? »*» aroaod the inlet opening 17 . The 100 

w attached to tbe barrel and -is fastened to ihh* 1" * d / ptod " * *«* for * 1», 

IMteawl to wh «* rmlve closes Lhe inlet 17 of Che ofaam- 
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bpr Th^dwchai^e of IImi ^ro^Vor inirLiori «r the d^pa^il m j|K he fan rad 

biilfat; hrat iiur iuhII)' t.!iB r*l vn in yiAde hen r o^-»ra iht* v»K ( n iai nearly n direct Unr vrith 
gpiinst thn inner frace of lhe lower |MirlHira Ihfi *xin of the bore of Iho gun. ?c 

of the ilfllecliu^’plH^ 1 !S b nramniin^ n pi#ni- ilravin» ifaisra ilt^crilN^l mir 1 oven lion, we 
5 tion (M/illel with Hie line of the inner fare claim hh new and deni re to ueonro by Letter* 
of the cap B p ras shown in positive line-in Prateiat — 

yig, i. The open in jr 16 in Die ! I. A cHxingr rarr»n^ed far witmibrnent to the 

pl*U» ]h innde in its hiYntr wl>;o, nod in order barrel of f% nuu, and hn vi^r mi outlet for a 75 
UiM the diwchjti^e of the bullet ahrall not Ik» bidlol k Jin inclined deflecting- plain in Wild 
bo impeded » correspond 2 opening 2b Lninadn mid h vhIvq normally held in hii open 

in the. np|«* end uf the valve, and irben the petition rand opemted hy t.lie irases to close 
yalve U+ h*s benrirfjr mrninsl rlie deflect.] npr- the «urlet for the bnllei after snid bullet hai*t 
plale 15 lhe opening in the vhIvo Jtmi t^e estajied from the omjin^, anbatfintially wsde- 80 
opeTiirur in <he e*i%* of lhe deflect! n^pliwe >crfl»ed. 
ij reparater, fnrrrioj: i»i» «ppi»iuif«f ^officieol »iw 2, A erasing frarliW with a g;ts-eondeT»sintf 
to permit !be miinlerriipleHS prif«iy:o of the chamber and arranged lor connection with 
bullet. iho barrel of a ^un. tbe s*ikl ctu. caber UaviQg 

An arm 21 is secured to the front face of mi outlet for 4 hnbet, the an»d nroduu Kavmc ^5 
the lower portion uf iht* vaive 151, tbe wrra be- | ra tubular forming- part of lhe 

to i«(ii ri^bt rankles lo thn outer far* nif ^ii| ( couilenaii^ ehrunher &ikI exteadin^ rear- 
valve,, and the ‘ id vs? is pivuted in ibe cap U | wardly beneath tbe barrel of tbe ^uu» a clo- 
k)' i pin 22, that is nassed ibroiiRh tie enp r+ure for lire rear end of said inbnlar ov|en- 
and Ibroujsh the .said arm, as rahown in nion, a valre ojkoralwi by the ^asea to eluar 90 

2 aiHi 3, The valve 10 is held in its open pit- the outlet far Lbu bullet after aaid bullet baa 
15 si lion — that, is, in eu^-a-reiraent wirb the do- | ewaped and a jatpport aitainet which said 
leering- plate — by means :>F a spring IKJ, ; valve normally ream, the said Aitpport beio x 
asuHlKy HUtu-hni to t h-«- bottom outir wull of loc-itted between tbe end of tbe j;an- barrel and 
the i" handier UP r the spring haviny lv»ar!iut the outlet for thebulleT s substaotially as dc- 95 
ngwuiat tJir uji|N?r surfrarh'of the arm Vi t : acirihed. 

30 shown > B Fix- -• fa order that lhe soring 23 3. A cABinp: adapted for aliwchuioni to the 

may W repaired or replared n*ln-n n^eeKeari,'. barrel of a gun, a chamber at the forward eod 
an openiux is made in the front of tbe cap of said ca-sini: mid having mi inle r in its in- 
below lhe chamber lfl -, i and ihia opening is nor or rear «al! in linn with tbe bore <if thn iw> 
normally dos»il hy h black 24 . ^ud, a plate in .said casing between the rear 

35 In thn opprmlim nf lhe aitaelmienl a hen a ! mid nf said chamber and the end of tbe gm>- 
gtin is fired rha bullet is rM?wharged as usual, i barrel and a pivoted valve normally resting 
and in pmdir* out from the tiarrel does not on the said plate, the plain aoo valve Ijeiux 
touch or interfere with the -mechanism of the const rocted to perutitof the pjissageoF a li«l- 105 
Attachment, as lias heretufu-re been staled 1 3ei, lhe said valve bein* adapted to cluse the 
40 The expand tu^ -gases strike the defleetDng- j opening iu the roar end of said chamber iru- 
plate 15 and the valve 12 at the saoieiu-stant. ; mediately after tlie escape of the bullet > be- 
The dcH^eLiug-plate bein« rigiil and inclined ! big carried to said closfag position by the ac- 
toward the valve turns lhe flow of gas duwir- ! timi of the gases, aub^tantially as described. 1 10 
ward in direction of lhe valve, and the valve ; 4. A device adapted to control the noise of 

4S heift? free \o tni»vu outward is thrown against ! the expiation of a charge and prevent thees 
it« »e»t lH,»s shown in dotted lines in Fig. 2, : cap ^ of smoke from the muzzle of a gun, said 
and is bold there anti I the inside pressor* of 1 device consisting of a casing arranged for At- 
*he g«a fa U10 ex pmision-chaviher and barrel : lacbrneot la the muizle of a gun, the casing ■ j 5 
of thaxun Iwoomw ct|iml u» the oul side pres- ? being provided with a downwardly and f<M'- 
50 Mr* uf the atmospheric air plus the tension | wardly exfauding deflecting- plal-6 having an 
of Iheapritag wljcr^npon the valve again ; opening in line with Ihcaxi? 1 of the barrel, 
opens and the gun is ready for another shot. . tht? casing being provided with a j^saage-way 
The gan, ioelead of rushing into the air as J for a bullet forward of 1 Im> deflectiug-plate, 120 
usual, ia turned by the valve back into the : ami a v*lye normally resting with its upper 
55 ax pa ns ion -chamber, which the gas itself bad ; end 00 said dotlecling-pUte, and adapted to 
closed. The action is very quink. the vari- • be moved to elose mid passage-way by the 
ous Bteps descrilawi following each other in accumulation of gases willua the said casing, 
practically a moment of time, a» described. 125 

Thjeexpansian-charober.whk It includes tbe 5. Tbe combination, w ith the barrel of a 
ue cubic cententa of the bore of the gun, acta guti, a casing attached to lhe muzzle of said 
»u baton Dally as a condenser, and at lhe Lime barrel, and a cap removably secured in the 
of firing no smoke is visible. Fpou throwing forward end of the casing, the, cap being pro- 
£P*o th* breech of lhe gun as soon aa possi- vided with an inclined deflect ing-ptate hay- ijo 
a after firing a bullet the expausion-cham- Lug an opening therein in lino with the axis 
5 ber will be found practically Slled with a! of I bo barrel, of acharalwj forward of the 
light cm ok o; but tbe deposit upon the lands j deflecting- plate, provided with an opening 
Md grooves is not more than usual, as the l also in line with the axis of the bore of the 
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such as flexible baffles vort ™ e ou ^ standln g silencing techniques, 
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U ' 3 ' n‘ 448 ' 382> i3BMd 31 1948 to Warren P. Mason, 

U ’ S - M 3 ;L 3 L’ Ani 3 V“ e >** *»**-* U Manor, 

tachable Hulk. ' “ d Pr ° jectile Expansible, Do- 
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gun, and a valve having bearing normally 
against the deflecting plate, the said valve 
being forced to a seat at the inlet of the said 
chamber, by the action of the gas accumu- 
5 Jated in the barret and back of the *aid valve 
and deflecting- plate, after a bullet has been 
discharged, as described. 

6. The combination with the barrel of a 
gun, of a casing attached to the miiMle of said 
io barrel, a cap secured in the forward end of 
the casing and provided with an inclined de- 
flectmg-plate having an opening i herein in 
line with the axis of the barrel, a chamber 
forward of the deflecting- piste aod provided 
15 Whan inlet-opening also in line with the 
bore or the gun- barrel and formed with a 
valve neat and a spring-pressed valve nor- 
mally resting against the deflecting-plate and 
adapted to be forced against said valve-seaL 
tc substantially as described. 

"■ The combination with the barrel of a 
gun and a casing attached to ihe n.oul« of 
the barrel RT »d having a tubuUr extension At 
the tear lower portion provided with a remov- 
es »b e closure at its rear end, of a cap remov- 
ably seen red in the Forward end of the casing, 
the inner face of aa.d cap being inclined from 
the upper edge -downwardly and forwardly 
and tbesaid inner face being open from a 
30 point at or near its bottom to a point near the 
u>p,an inclined deflecting piste at the upper 
portion of the inclined inner face of the cap 
the Maid ]d»t© having an opening in its lower 
fdge in longitudinal alineineot with the axis 
35 of th© bore of the barrel, a chamber formed 

a ”" Wmrd u PP* r end of said cap and for- 
W ^ r j f * a chamber toms* pn> 

vided with an inlet in its inner wall in line 
with Ihe opening in the plate and the bore of 
40 the barrel the inner wall of said chamber be 
mg 1 1, cl mod and having a flange f onned there _ 
ora ground the inJet-opcnm^ mi id cooRtiuitio? 
n valve-sea*. And a pivoted and spring- pressed 
valve normally resting at j lB upper end 
45 against the lower portion of the deflecting 
piate and having an open iog at iiaopper edge 
forming with the o|iexiing in the lower edge 
of iherirffacting.plate.A passage for the bul- 
let, Ihe said valve being forced to its seat at 
So the inlet-opening of said chamber by the ae- 
lion of the gases after a bullet has been dis- 
r™r^od.the front 0f said c*p below the chum- 
oer having hh opening provided with a re- 
movable closure, for the purpose aat forth. 



B. A casing arranged for attachment to the 55 

barret 01 a gun and provided with a gaa-con- 
dciming chamber, and a cap removably se- 
cured in Ihe forward end of said casing and 
provided with a chamber having an opening 
in line with the axis of the bore of the goo 60 
and forming a passage for a bullet, a valve 
pivoted in smil capand operated by the gases 
to close the nutlet for the bullet immediately 
after the escape of the bullet, the said cap 
being provided with an opening in its front 6 S 
JjcIow the said chamber, and a closure for said 
opening, substantially a« described. 

9 A device adapted to control the noise of 
the explosion of a charge And prevent the es- 
cape of smoke from the iniiixlo of a gnn, the 70 
said device comprising a casing arranged for 
au * nh meat to the innzxleof a guu the casing 
being provided with a passage-way for a bul- 
let, a valve for closing said passage- way, a 
spring for normally holding said valve open, 75 
and a defleeUng-plate for turning the flow of 
gas toward the valve, the valve being carried 
to closing position by The gaaen. 

H). A casing for atiacbment to the muzzle 
of a gun. a cap removably secured in Ihe for- Bo 
ward end of said casing and having a valve- 
seat with an opening for the paasHge of the 
bullet and a valve CArried by said removable 
cap and free to swing, the said valve being 
normally held in an open position, and adapt 85 
ed to be moved by the action of the gases to 
a closed position, substantially as described 
1 1- A eftsi ngarra ngeil for attachment to Ihe 
muzzlnof a gun, a removable cap fitted in the 
forwArdendof the casing and having a valve- 9c 
seat wuh an opening for the passage of the 
bullet, ihe axis of said opening coinciding 
llw 8xls of Lh© bor© o"f Lbo jjun, a vvtlv© 
carried by said cap and freetoswing 10 close 
said opening, a spring for normally holding 95 
said valve in the open portion, and « deflect 
ing-plste carried by the cap and arranged to 
deflect the gases toward the valve, the said 
valve being closed by Ihe action or the gases 
whereby the said casing receives and eonfioeB ivc 

tor a time the gases mailing from firing the 
gun. 

R£ADE HaOOK WAHBlhGTOhf. 

A IRKED WILLIS CAPV. 

Witnesses: 

O. A. Hbbrrkr, 

H. W. Kbi.it. 



1 66 



Corrections In Letters Patent No, 658,934. 



It is hereby certified that in Letters .Patent No. «5B,934, granted October 2, l’JOO- 
upon the application of Reade Macon Washington and Alfred Willis Capy, of Dallas. 
Texas, for an improvement in u Attachments for Barrels of Firearms," errors appear 
requiring oarrqefeoii, as foUowe : In the great and in the printed head of the specifica- 
tion, it is stated that they hare assigned ace-fourth of their right to said Washington, 
whereas it should have been stated that «td Copy a tmgjtod one- f mirth of the entire right to 
•aid Wtuk*igUm; and that the said Lettem Patent should be read with these corrections 
that the same may conform to ZEe record of the efts* in the Patent Office. 
Signed, countersigped, and sealed this 16th day of October, A. D., 1900. 

&■“-] F. L. CAMPBELL, 

_ , Aaiftant Secretary of the Interior. 

Oountenngnod : 

C> H. Puizii, 

CommunoTwr of PataUt. 



167 




656,934. 



_ _ PatwUed Oct. 2 , 1900 

*. U. WASHINGTON & A. W. CAPY. 

ATTACHMENT FOB BABBEJ.S OF FIREARMS. 
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Translation: Patent No 5478, "Device for Silencing a Fiream" 

Issued to Josef Butfless, I June 1901, in Vienna 

The proposed Innovation has to do with reduction of j 

the sudden discharge of propellent gMaTS » r C ° 

hereby claimed that the barrel Slid ”. TfZr IC 13 

propellent gases will be released after passing thro, eltlt ‘ 1116 

regulating tubes running parallel to the barre! , ° r 

pressure will be reduced and the gas exit will " _ 1 th * s way » the 
nificant noise. 8 w111 cause only an i^ig- 

a, -Sfi'iTTS the^rtuhe^ “? “ » barrel, 

holes, d, tube » C> 18 <*l“iPPed with a row of 

uade up of*^LoSly T cL^ 

XX'XTXo T£ “t^^ tb ““ atraight'tube 

bhe tube and is connected 

££S? a sas: sr 

b«f u tJ: sx-Xr™ -“^p 

will free itself T** 

through the remaining portion of tL £&''<£££* “ d 

mezalf of P t^ e Xltut S hLl'r P T r lnt ° Che at " OS ' >hCTe through the 
c through ST o^SL “ ’ Fr^™ ti hB ° bst ™«ion, they enter tube 
latter, with es^tifliv J2 ^ Chey pasa into tube b and leave the 

*. in thfX ^ of LbTbX^'iv^l^ ^ 6 aXr “ e,!d h0l “« 

D » only a hissing noise is produced 

the a loud noise will be avoided and 

noise. The X Ptoducieg a damped, unnoticed 

through the XtL* " Z ^ iD tte tub£ “» b * t— ed 
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Patent Claim 



1, A device for silencing the noise produced by firing a weapon, 
ln t he following manner* The barrel near the mizzle is to be funnel 
shaped, and to this are to be connected one or more interconnected 
tubes from which the gase9 discharge through many small openings. 



2, Two-part projectile, which is described above. The powder 
charge is to be behind the rear part, which is of the same caliber 
as the straight barrel, and the front part, which is to he loosely 
connected to the first part, will have the same caliber as the narrow 
portion of the barrel. 
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UNITED STATES PATENT OFFICE. 



OF HARTFORD, 
OF NEW TOR] 



TICUT, ASSIGNOR TO 
A CORPORATION OF 1 



SIIeENT FIREARM. 






ApptJomtlo* fled Screak r 



aE whom it may concern: 

Be it known that 1, Htkam Percy Maxjm, 
a citizen of the United States, residing in 
the city of Hartford, in the State of Con- 
% necticut, have invented certain new and use- 
ful Improvements jil Silent Firearms, of 
which the following is a specification, refer- 
ence being had to the accompanying draw- 
lug, forming a part hereof. 

It In the continued use of silencers for fire- 
arms in which the energy of the powder 
gases is dissipated in rotary or whirling 
movement of the gases before they pass into 
tlie atmosphere, and in which a series of par- 
1 $ titions, diaphragms or spreaders arc sup- 
ported by a shell or casing at the muzzle of 
the firearm, the rotary or whirling move- 
ment of the gases taking place in the cham- 
bers formed thereby, the partitions, dia 
M phragms or spreaders nearest the true muz- 
zle of the barrel of the firearm are exposed 
to the highest gas pressure, while those more 
remote from the muzzle arc exposed to much 
leas gas pressure. Lightness in the silencer 
tt can be secured by making the partitions, dia- 
phragms or apreadej's in the zone of high 
gas pressure of sufficient strength to with- 
stand such pressure and by mating the par- 
titions, diaphragms or spreaders more remote 
W from the muzzle of thinner and even of 
lighter material. It is found, however, that 
it is necessary to provide an abutment for 
tho heavier and stronger diaphragms near 
the muzzle to support them against the im- 
*1 pact of the gases and to relieve from great 
pressure the successive lighter diaphragms, 
which are liable fo Ih* crushed eventually if 
the resistance is through them. 

One object of ihe present invention, there- 

40 W 

is to provide such a construction of 
sflencers of this character as shall be ca- 
pable of withstanding i he impact of the 
gases while at the same time the minimum . 
of weight in the silencers is secured. Fur- : 
thffinore, in .saleiwjcrs of this character which , 
**9 eccentric with respect to the axis of the : 
pan barrel, it i? necessary to assure accurate ; 
aluienaent of the openings through the sue- ' 
cessive diaphragms for the passage of the ! 
« projectile. ^ ^ | 

. ^ therefore^ a further object of this i 
invention to provide a construction by which ! 
such a linemen! of the openings through the j 



Aetten hteit Patented May 24, ma 
10 150A Serial Ho. 415,051. 

diaphragms shall be secured without requir- 
ing great labor in the assembling of the dia- 55 
phragrns and casing. 

The invention will be more fully ex- 
plained hereinafter with reference to the ac- 
companying drawing in which it is illus- 
trated and in which— ^ 50 

Figure 1 is a view in side elevation of an 
ordinary sporting rifle equipped with a 
silencer which embodies tho invention. Fig, 
if is a detail view in section and on a largar 
I scale of the silencer shown in Fig. 1, a par- 65 
• tion of the barrel being also represented, 
j Fig. 3 is a face view of one of the dia- 
phragms, showing the. recesses in tho cir- 
: rumferenre thereof. Fig. 4 h a transverse 
! section of the supporting shell or casing, 70 
■ showing the longitudinal key. 

In the embodiment of the invention shown 
, in the drawing there is secured to the ex- 
| trcmilv of the barrel a of the gun, in any 
1 Ruitabfe manner, as by screw threads, a cas- 76 
ing d. which is preferably substantially cir- 
cular an cross section and of greater or le*»s 
; length as may be required and forms a sup- 
j port and "nelosure tor the series of single 
j silencing devices or partitions or diaphragms 60 
: or spreaders e by which the gases, which es- 
cape at the muzzle of the barrel -a, are com- 
1 polled to acquire, within successive cells or 
chambers formed by the diaphragms £, a ro- 
tary or whirling movement. P 5 

fn the embodiment of the invention shown 
each single silencing device e is generally 
circular or annular with reference to the 
axis of the shell or casing and is spiral or 
conchoids i in cross section, an opening e * 90 
feeing formed for the passage of the pro- 
jectile. In the construction shown, such 
opening 5* eccentric with respect to the axis 
of the shell or casing. As is now well un- 
derstood, the powder gases are directed by 95 
the frusto conical portion of each dia- 
phragm or spreader, or single silencing de- 
vice, into the annular chamber formeu by 
the diaphragm and acquire therein a rapid 
rotary motion in which their energy is dissi- 105 
patea. Tho diaphragms or spreaders, as 
nearest the muzzle 01 the gun are naturally 
subjected to the highest pressure of the 
gases, whiles tbooe more remote from the 
muz?k are subjected to a considerably lower 105 
pressure. Those more remote from tho 
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SS? ft thB therefore, be less 

^abl* of resistmg h,gb pressure ^ those 

EXS^,T^ e *: nd ' ua J he made of much 
. mSrtl ! bwl Sted *“ thooe near the 

5 3H?V ir ma y eveD t» made of aluminum, 
2“ the muzzle are made oi 

stetL However, should the diaphragms or 

JHlSSl nMrer the rauzz]e Erectly ! 

in remote l from “» muzzic, 

0 SS? ^ latt ? r r ? oe » v « the pressure trims- I 
mitted through the former, they would 

eventually be broken down. To obviate i 
ttis, an abutment is formed in the shell or 
casmg d to receive the pressure of the dia- 
ls phragms or spreaders in the zone of high 
gas pressure. Such abutment may he v*ri 
"J? Wd, but a S a convenient S 
pensive, but elective construction, the sbel 1 

ZrfT g d ’ \ fter U Sbter disphMs or 

J lth ^ n m [! er ^inferential ridge 
or shoulder d , as by spinning, and trains' 

“ ^, th ' 0f h ' avie ' r 



T n the chapter „U b ™wThSr.h 
fencer 1S applied. F» r J ) igbt “ ™ ‘ ha 

“ “ ■ uffirarat <° Pn™d. one hlav^ sji £ 



20 $ r rr 

of the .Wutg, tat with a gmt Of h.Ster 
power two or more of the heavy st eel 
phragms or spreaders may be required Of 
course the Dumber of the fighter dianhr-rrrrf 
35 or spreaders employed wilfiw deptmd uran j 

the character of the gun to whS tb^ 1 
lencer is applied and the effect to be U ro- 
duced In the construction shown in Ft ^ 2 
space is provided within the sheif or 

LIZ™ 0 ™ th * J1 J 0Iie bfsvy or strong df a ? 
p pn or spreader and a spacing sleeve d 1 

:; ( s^ *■ , 

•• i~SAst!S£sAssSs 

s.B.iy-sS.'sr&Si 

the gun barrel or eccentric with respect there 1 

SO k D the con f trQ f^on shown in the draw- j 
° ft, g> however, the silencer is eccentric and it * 

5~s$?=SttSffiS=s 

„ - SSM4 sftryjsas 

ipsf , 

conveniently fo^ed bv roflf^ h 1 

- - - t-B 



proper relative position with the openi™, 

^WdT' Wltb 1b « 

I claim as my invention: 

- - s,] encing device for firearms, mm 
imsmg a shell or casing, a Jf Z- * 

p rugsiL 1 * or spreaders disposed in the shell 
or ca^g remote from the muzzle and W 
int a succession of chambers, each of the 

° r Sr> / U “ ders h «»e an opening 

t^eiv £5“** " ? th « Projectil^ and Vrela 

lively heavy or strong diaphragm or 
spr.-adcr disposed m the shell or raX ad 

™ 1 to th< ‘ m,| «Te of the firearm anif al.^ 
having an opening for the passage of the 
; Projectile, the shell or casiSHfv^g *> 

: arabnent to resist the forwwS pr*sufe of 

iT^T? | d,aP i T9 ^ n ° r s P reade r, where- 
; uy Cbe lighter diaphragms or snread^ 

remote^ from the muzzle of the firearm are 
1 rhraerm ° f tfae p , retlSure of the heavier dia- P5 

i A s3Tcacin g .device for firearms, com- 

j Z J S i l an PP ort,n K sh fh or during, a sSSs 

V? or hrn,!mS ° r SprradeR dispo£d in the 
i ? < A - or casjrj S remote from the^nuzzU ft ‘t w 

£iiwssinn ° f ehmb ^ “ rf 

hed aphragm, or spreaders having an open- 

foLf OT 3C I jass ?^ of projectile wd 
I 311 anjluJar «eU substaatially con- 

J m cro&s «*»«», and a heavier dia- M 

puragm or spreader disposed in the slapl] or 

i i:? nt to "* muzz3e ^ ^ 

and also having an owning for the pasaace 
of the projectile and also forming atl an' 

^tmn^h " uL ^ :l,lfirtIJ y conchoid al^iu cross 100 
° ^ Supporting shell or casing hav- 

Uig ai] abutm^Til. +i. _ “ 



ing an abutment to r^Tve the v^Toi 

rAiTt* *7^' ° r ££ZejZ 

jv the lighter diaphragms or spreaders re- 

" 1QZZ| ' ""'*<■ " 205 

SsS^ysE” of th = he *™ r iii - 

DI Jj A f lcnciT1 e device for firearms, com- 
V ^, a • su PPOrtmg shell or casing a series i m 

^efl iJ?I^ S ° r s P?* a * I » dispoSd in the 
5htil or casing remote from the muzzle of 

Stad^T’ earJl of * hc diaphragms or 

ifalii rr il “ “^iular cell S,bstan- 

tialij conchc.idal in cross section and having , , . 

^d° r rK for the passa ^ e ° f the projS^ 

ire,l r r V ‘ er f diaphragm or 

■ prender disposed m the shell or «aL R d 

foren n ° the mUK ? c of the fire *rm anJali 
r 2'J. an anmi htr cell substantially con- 120 



" testes it- ■ « 

S" s of '“, r „ “r’*"' ™ ,nte s™ 

C heaTJer dia P hra ^ or 

i»0 
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4. A silencing device for firearms, com- 
prising n supTJWrting shell or caning arid h 
juries of diaphragms or spreaders disposed 
in the shell or casing and forming a suc<r;s- 

5 sion of chunibi'rs, each of thp diaphragms 
or spreaders having an opening ercentrically 
disposed for the passage of the projectile, 
the shell or casing having an inferior ridge 
or key and each of the diaphragms or 
10 spreaders having a key-wav to cooperate 
therewith. 

5. A silencing device for firearms, com- 
prising a supporting shell or casing and a 
series of diaphragms or spreaders disposed 

U in the supporting shell or casing and lorm- 



ing a succession of chambers, each of the dia- 
■ phragms or snreaders forming an annular 
; cell siihstautiHlIy conchoidal in cross section 
and having an opening eccentrically dis- 
posed for flic passage of the projectile, the if 
shell or casing having an interior ridge or 
key and each of the diaphragms or spreaders 
having a key-way In cooperate therewith. 

This specification signed and witnessed 
this 27th day of November, A. 1908. 

HIRAM PERCY MAXIM. 

Signed in the presence of — 

Josephine H Maxim, 
i Lena E. Bzrkovttch. 
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H. P. MAXIM. 

GILEST FIREiEIL 
irpJ.IOJ.TIDI FILED I0V.M, I SOI 
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Patented Maj 24. 1910. 
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SpedBcmticn *f Utter* Falc.t Painted Aug. 15, 1911 
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7b oK £i may concern: 

Be it known that I, Eocene Thukler, a 
citizen of the Swiss Confederation, residing 
st Fribourg, of the Swiss Confederation, 
* have invented certain new and useful Im- 
provements in Devices for the Suppression 
of the Report of Firearms, of which the fol- 
lowing is a specification. 

This invention relates to devices for Ipks- 
10 riling the report of fire-arms. According 
to this invention the energy w ith which the 
gases of combustion travel is destroyed by 
guiding said gases through a certain num- 
ber of rhamlsers which are arranged at a 
1 # certain distance apart the one before the 
other and which have passages for the pro- 
jectile. Tiie gases are thus deviated from 
the trajectory and made to expand gener- 
ally in said chambers. 

50 The devices according to this invention 
differ from the devices of known types and 
serving for the same purp*ise by the ar- 
rangement that the said expansion cliAmbcrs 
have the shape of conical sleeves which are 
25 mounted in a casing the rear end of which 
is perforated or formed of wire gauze for 
| of its length. The inner casing is fur- 
ther inclosed in one or more mantles which 
are alternately perforated at the front or 
W at the. rear end. The gases which are com- 
pressed at a very high degree of pressure, 
when they are being generated are thus 
quickly deviated from the trajectory of [he 
projectile. The gases escaping through the 
perforations of [fie casings, getting hot of 
the eonical sleeves is prevented. 

In the accompanying drawing, a plan of 
execution of the object of the present inven- 
tion is shown as applied to a rifle-barrel. 

Figure 1 represents a horizontal longi- 
tudinul section of the apparatus. Fig. S 
shows a cross section along the line II -II 
(see Fig. 1 ). Figs. 3 and 4 have reference 
to the details of the device shown in Figs. 
** 1 And ”2. Figs, b to 7 show the details of 
three modifications. 

The device represented in Figs. 1 to 4 has 
a sleeve a the internal diameter of which is 
equal to the outer diameter of the barrel ft. 
w An angular slot a (Fig. 3) at the free end 
the sleeve a serves to fix the device to the 
«rrel 6, said slot being pushed over the 
sight c. The interior of the apji&ratus is 
provided with a series of tubular sleeves d 
Placed oo-axially in the tube e. This tube 



e is double \yalled and it is made for two- 
thirds of its iieight of fine net-work, the re- 
maining third being of sheet metal. The 
sleeves d are conically enlarged toward the 
front end. The narrow rear ends are all M 
turned toward the barrel b and constitute 
together canal for the projectile I*. The 
J have at tlie front end four slots 
through which are passed four rods / fixed 
on the inside of the tube e and serving lo U 
maintain the sleeves d at a given distance 
from each other so that each two succeed- 
ing sleeves form a curved passage for the 
compressed gas. The tube e is surrounded 
by a second tul* g of a greater diameter 70 
than the position of which is eccentric 
with regard lo the common axis of the tubu- 
lar sleeves d. This tube g is perforated at 
the first part g' for one-third of its length. 

A third tiitie A perforated at its rear part n 
for one- third or its length surrounds tlie 
tube g. The space between g and A is filled 
with shavings of rnetai, such as aluminium. 

The position of the tube A Ls also eccentric 
• with regard to the axis of the sleeves d so 80 
that the sight c projects over the device for 
a few millimeters. 

The direction followed by the compressed 
gas is shown by the arrows. The projectile 
P, on leaving the barrel 4, enters into the BE 
channel formed by the narrow extremities 
of die sleeves d closing this channel to the 
compressed gas which rushes consequently 
through the annular openings of the tube e 
into the space between the tubes e and g M 
where it partially expands. From there 
the gas escapes through the narrow open- 
ings of the first or forward third of the 
tube g into the space between g and A 
where the gas is prevented from expanding M 
instantly owing to the filling of metal shav- 
ings, the escape of gas through the open- 
ings in the tube A taking place without any 
report. The solid wall of the forward part 
of the tube e prevents the gas from enter- 10® 
ing the sleeves d thus escaping by the cen- 
tral channel before the shot. The more 
elongated the form of the sleeves the less 
the gas will endeavor to penetrate into the 
passage for the projectile. 10® 

observed that the tube t iloes n-il 
touch the wall of the tube g at its upper 
part ; there is still a space of a few milK- 
inetcrs between e and a which is necessary 
for the free passage of the gas around the 11® 
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tube e . If this tube were to touch the tube 
g the result would be a pressure mi the pn>. 
jflctile causing the same to deviate. 
Experiments have shown that the recoil 
b of a gun filled with the above described dc- 
Vlre is only very slightly diminished, the 
automatic reloading by recoil could there 
we be accomplished- 

hig. 5 shows a modified construction ac- 
10 cording to which the tubular sleeves are 
differently shaped than in the first instance. 
According to Fig. G the tube g on (Jus de- 
vice has been suppressed. The entire space 
between the tubes e' and A' is filled with 
W metal sliavinga. A net work A= has been 
applied lo tlie inside of the perforated por- 
tion of the tube A'. Fig. 7 slums slots A* 
provided in the tube A' for the escape of 
the gas. 

M I claim: — 

An improved device for lessening the re- 
port of fire arms in which the compressed 
gases are deviated from the trajectory of 



the projectile by means of consecutive 
njtnts which form a channel for the passage z 
of the projectile, comprising in combination 
a certain number of elements consisting of 
conical sleeves a tube inclosing said ele- 
ments and perforated for two thirds of its 
length from the front end to the rear, an 3 f> 
eccentric casing surrounding said tube and 
composed of two tubes of which the inner 
one is iierfonted at the front part about one 
thinl of its length, the outer tube being per- 
1 1 mated at (he rear cart for about one third 35 
of its lenglli and a filling of metal shavings 
in the space between said tubes substantially 
as described and shown and for the purpose 
set forth. 

1 " witaea whereof I have hereunto set 40 
my hand in the presence of two witnesses. 

EUGENE THURLER. 

Witnesses: 

Albert uk Caksaladk, 

II. C. Coxe. 



E. THURLER. 

DEVICE FOB THE SUFPBES910H OF THE BEPOBT OF FiEEABMS. 

arrLiCATiex mie jbv. 3. me. 

1,000,702. Patented Aog. 15, 1611 . 











lyiyeni*! : 







c*r*/f* 



178 



179 



DEUTSCHES REICH 






KAY ZQ 56 












ausgegeben ah 

30. APRIL 1936 



reichspatentamt 

PATENTSCHR1FT 

M 629404 

KLASSE 72 a GRUPPE 28 

£ 44045 A' Ijpj a 

Tag Jer Bekanntmacfiung uber dye Erie Hung des Patents: 9 . April i 93 6 



Hans EissfeltJt Nfl. in Hamburg 
SchaUdampfcr fur HandfeuerwaJfea 




180 



-Translation: Patent Ho. 629404, "Silencers for Hand Weapons" 

Issued to Hans Eissfeldt, 13 March 1933, in Germany. 

Silencers for hand weapons are already known. Generally, they 
consist of an elongated hollow cylinder with baffles, which either 
partition the chamber or close it off from the atmosphere by use of 
elastic washers. Either way, good results are not obtained because 
the noise, even though somewhat attenuated, always remains. 

In relation to such silencers, the following improvement and dis- 
covery is contained herein. The inner chambers will be completely 
filled with a porous material, such as viscous sponge, rubber sponge, 
or a Biuri-lar material. This material offers no resistance to the 
passing projectile and closes immediately behind it. The gas follow- 
ing the projectile will be forced into the many small cavities, where 
It will be delayed prior to arrival at the closing washer until such 
time as the projectile will have passed through and the washer will 
have closed. In this manner, a substantial attenuation of the noise 
will be obtained. 

The objective of this discovery is illustrated in the following 
sketch. 

Fig. 1 shows a longitudinal view of the silencer in which the 
walls, d, separate the hollow cylinder Into separate chambers. The 
chamber, b, is filled with porous material, followed by packing washers, 
c, and the elastic closing rasher, a. 

Fig. 2 shows the view of the muzzle of the silencer with the 
notched closing washer. 

Fig. 3 shows a view of the silencer end attachable to the barrel 
of the weapon. 

Patent Claim 

Silencer for a hand weapon is described as follows. The closing 
packing washers in front of the hollow cylinder are to be made of a 
material which is capable of closing the hole produced by the passage 
of the projectile. One of the divided chambers of the hollow cylinder 
Lb to be completely filled with rubber sponge, viscous sponge, or other 
•imilar porous material. 
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2 CUlms. 

l 

This invention relates to firearms and more 
particularly to a silencer for reducing the muzzle 
blast. 

The principal object of the Invention la to 
reduce the noise associated with the muzzle blast 
cf a firearm. Other objects are to reduce the 
weight, size and cost o f a silencer and -improve 
the stability of performance. 

Important factors In silencing the muzzle blast 
of a firearm are the rapid cooling of the power 
gases and the reduction of pressure before they 
emerge. An effective silencer utilizing these 
principles comprises a chamber containing heat 
absorbing material through which the but let 
passes. The effectiveness of such a device de- 
pends, among other things, upon Its cross-sec- 
tional area. Applicant has dhcovered, however, 
that the importance of having a Large cross- 
sectional area diminishes considerably toward the 
front end of the silencer. 

In accordance with the Invention, therefore, 
the chamber has at its front end a spctlon of 
reduced cress- sectional area. Weight, size and 
cost are reduced without seriously affecting the 
efficiency of noise reduction. The silenccT may 
be built as an attachment or. preferably, the rear 
portion of the chamber may be built around the 
barrel of the firearm, with communicating holes 
through the barrel. The heat absorbing material 
may be metal screen, which may take the form 
of apertured discs, stacked one upon another and 
preferably held in compression. Plating the 
screen with some metal such as Un before punch- 
ing the discs will Increase the stability of per- 
formance. 

The nature of the invention will be more fully 
understood from the following detailed descrip- 
tion and .by reference to the accompanying 
drawings. In which like reference characters refer 
to similar or corresponding parts and In which: 

Fig. 1 Is a side vi?w, partly in section, of a 
silencer In accordance with the Invention at- 
tached to a firearm: 

Pigs. 2 and 3 arc cross-sectional views, to larger 
scale, of the silencer of ng- 1 taken along the 
hues 2 — 2 and 6 — 3, respectively; 

Pig, 4 is a side view, partly in section, of A 
modified form of the silencer of Fig 1 in which 
the rear portion cf the chamber Is built around 
the barrel; and 

FI*. 5 Is a cross -sectional view, to larger scale, 
of the silencer of Fig. 4 taken along the line 6 — 4. 

Fig. 1 shows one form of the silencer ID at- 
tached to + he end of the barrel 1 1 of a firearm 
il. The silencer ID comprises a cylindrical 



<CL 89—14) 

2 

chamber having a rear section J3 and a front 
section 21 , both contain ng heal absorbing ma- 
terial. through which the bullet passes with min- 
imum clearance. The side walls of the rear 
r» section 13 are formed by the metal tube 14 which 
's securely fastened at the rear to the apertured 
end piece IS and at the front end is Internally 
threaded to receive the apertured connector IT. 
The heat absorb tig material in the section II Is 
M in the form of ft number of annular di-cs 14 of 
metal screen stacked on” upon another and held 
in compression by the connrctor II. The end 
piece 16 includes as an Integra] part thereof an 
intpmafiy threaded collar 14 which screws onto 
the threaded muzzle of the barrel 1 1 to hold the 
silencer 16 securely in position. 

The front section 2 1 comprises a metal tube 22 
securely attached at Its rear to Lhe connector IT. 
threaded at Sts front end to receive the annular 
SO cod piece 21. and filled with annular diecs 24 of 
metal screen. A forward sight 26 is provided 
at the front end of the silencer ID. In order to 
save drawing space parts of the sections 14 and 
21 have been removed. Figs. 2 and 3 are cross- 
25 sectional views 

The effectiveness of the silencer 10 depends 
upon Its length and cross- sectional area. How- 
ever. applicant has found that the cross-sectional 
area may be reduced at the front end of the 
.ki silencer without a proportional reduction In Its 
ability to silence the muzzle blast. This Is due 
to the fact that the powder gases have already 
been considerably Lowered In temperature and 
pressure before they reach the front portion of 
to ti«? silencer and so It takes a smaller cross- 
sectional area to cool them a given additional 
amount. Therefore. In accordance with the In- 
vention. the front section 21 has a smaller cross- 
sectional area than the section 12. Furthermore, 
*0 the original efficiency may be resLorpd by a com- 
paratively slight addition to the length of the 
silencer 10. There results, however, a consider^ 
able reduction in weight and volume. This re- 
duces the cost of the silencer and. more lmport- 
45 antly. improves the balance of tfie firearm. 

Figs. 4 and 5 show a modified form of the 
silencer 14 In which the mar section 21 Js built 
around the barrel 1 1 of the firearm 12. The side 
■walls of the section 21 are formed by the metal 
60 tube 26 which b closed at the rear by an end 
piece 24 securely fastened to the barrel i I and 
at Its frruit end by an apertured and flanged 
metal dire 34. The section 21 is substantially 
filled With heat absorbing material in the form 
64 of layers of metal screen 12 wrapped around the 
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Iijwnl M. To permit the ptvthr gases to enter 
wetJcn II there we provided a nn m^ of 
hotel *1 thrawti the wall of the fainel 1 1 . These 
M»r. (or exam p le , be drilled antf, as shown, an 
amoved In (out row* spaced BO decrees apart. 
The distance of the first hole S) from the breach 
ti the firearm 1 1 largely determine* the mnwi. 
▼eloelty of the bullet, winning a given weight of 
bullet and a given powder charge. Jt has been 
found that. In order to save weight, the outer 
dimeter of the standard barret may be turned 
somewhat without unduly weakening IL 
As shown, the section IT may be eccentrically 
mounted, with the larger part under the barrel 
II, so that It may be of larger diameter without 
Interfering with the line of right 
The front section 34 comprises a metal tube 

II Internally threaded atlts rear to screw onto the 

threaded end of the barrel 1 1 . Internally threaded 
at its front end to receive the annular end piece 
IILand filled with annular rii*c* || of metal 



L A silencer for firearms comprising a chamber 
and a plurality of annular discs of metalmlUn 
positioned within said chamber transversely with 

■ briEf\ to **!■ thereof, said dl*<£ 

■ bring stacked one upon another under compres- 
sion and substantially filling said chamber « 

* PaS “ BCWaT ^*rethrough providing 
only minimum clearance for a bullet ^ 

m Ju "^rordaoce with claim 1 m 

Xfi which said disc* are plated with tin. 

WARREN P. MASON. 
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The screen la preferably plated with some metal 
sweh. for example, a* tin before the dfacs II and 
14 are punched. It hsa been found that this will 
tergely overcome the tendency of the discs to 
drreiop loose wire emfta which g)jg ht •cddentaUr 
come Into contact with the bullet is it p“T- r 
through them and adversely affect the dispersion 
pattern. The holes in the discs IB and H are 
preferably made only large enough to in -nr 
clearance for the bullet. 

What la claimed Is: 
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n m f wmi l c 7 v } E v AND PROIt f:- 
blIo ^ r Vl i . FXi ^ XNSIRJ ^ detachable HUSK 
Rich aid L viaher. 2-11 Orc-an Part. wav. \**» York, \.V. 

Rttd Ian, 10, 1162, Ser. No! 1*5,334 
I Claim. <tl. K9— 3 4) 

rtiis mveniJoci is for a novel cnml-ination -crcratlv 
cbarai-tmze.i as a firing piece, as for example, a rifle, 
wtiicb js parncuiarJv adapted io [he finne of a husk bullet 
and husk shot. 

Another object of the invent ion involves novel methods 

of projecting such bulfetv with a view to mnessn- the 

ran^e. -curacy am! recoil reduction of ihe firing piece. 

As i* *cU wide Wood j n (he art of firearms. I he mer:,a 

of the bullet or projectile M the j.xtmem nt firing -*r s op 

eno/mmis stresses in ihc bulV: or projectile *hich cause 

it to try to move off to one side or the other of the -sis 

ot (he bore of the weapon and to turn so as to cruise it 

to uotihfe or yaw as it moves down the bore nn.l issues 
from 1 1 

Sii»ct the conventional bullet is made rehiivcU 
aod duetde so that it ui|] properly engage the- rifling of 
tbu barrel or lhe fix inr; piece. ihe^c cnor/r.OLs Mr o.ves dLo 
C jUbC . at 50 tecrfwnr deformed nn>l inibal.uxrd. Upon 
3 ;* exit fx combe bore of ihf firing piec c the bullet retains 
Uiese drsior lions or wuhHing; r.ivd c^hcil condilior.s, cau>- 
m S a Tesultant undcirabJe inaccuracy jt ran*:e. 

The**.' various uiwJei ire-. I cothlitiims nnd cHeels in 
creased the shutter the herring surface of the projectile 
an relation to its overall lennth 

An important object ol tin’s inventor is to provide 
ejlher a perm.ipeTU or removable atijchnient for the barrel 
niu/zJe of n ride. for cA-xmpfc. vsbich puides rh L * Unllec 
bjvi onro Tl>e axis of the rifle bore nr ter its e*it 1 herefrom 
arxl separ.nron from irs husk. 

Additional ohjerrrs uilJikIc reduced weighr c»r hutk .Sue 
to reduced length; mcr eased dun.-Uiiy of hu>k due to de- 
creased bulk; reduced bearing su/tiice of iht- bailee proper 
in relation m ns over.d! Jenjib Jue io the virtue] dun- 
j nation of aceciexiition nt the muzzle; :md increased ver 
sahlny of alUiohmem due lo guide no^e 

pieces. 

A further reject is to pro'. s!c such an aitnchmcnt which 
in combination with a husk hul.ei vdi] greatK reJuce the 
recoil of Lhe gun 

Still anolheT oU*« of ihe invemion is io provide sueb 
an attachment which tn comh| j: jfon with a husk bullet 
will serve io pioiee; the rvje.lilc proper hv, m ibe dis- 
turbances rvuiaalfy CJti*eJ b> the [iDirir.r. cloud of £ases 
at Uk tune of die KSi^e of the bullet proper from the 
gun and us at;— hire™ 

A funhci otket of ihis invention is to provjJe such 
an attachment wILclr permits of the use or husk huJlcts 
having a rekUivdc shoiter bearing surface of ihc husk, in 
relation to thr-.i overall Icnclh while avoiding the inac- 
curacies resulting non imh-i'lancc. wohNirm and wk utg 
oi the bullet proper grn.uied during i;s period of .ic- 
cekrjhoji. 

Od>er objjxii. of ih> .sr-entior. include no%v[ methods 
of ^vkztiuns arid piejivr.n- under conditions of 

cxlrtnx :l^ r t•LiJa L '\•. 

Sliil jp.orfiLT obkLi .s io pro^dc no-. el r.& hod^ of nh- 

liimuig ma-\im.i:n recoil RcuL^li/aiion. 

Older nud ir^rr .lcl..i!cd ^jccii of she jiuemion u.3l 

^ apparent troet the foUo^g d^cripl.on oi ihc em- 

bodsmenr of the srutm dk^iteJ ?n ihe accomriin me 
drawings. 1 - h 

Jn the slr\iM.-fne^_ 

Htit'Rr l is J vert. L at. ce-irr.il, cr.yss sectional view 
thtough a fK-rucn oi d husk 1-uJlct crrtj.dge pcmt.oned io 



ihe imn? , nui-.hcr of a rule to whx-h the ant.-rccoi! an.l 

< 5f |1j! - : 'H?n;ion has Von applted; 

3 (01 K I 2 II .1 M.-.ii:,r View of the m.ijr/Jc aoJ of she 

has> - h,llEt W ™*rpt from Jl; 

* / i G • K ' - 1 IS J ^ ,r ' lLr V "'- J vfjimjnr s.xvevsive Maas 

ot the nr-i.g ard ■•■uvinrtrng the sepant.oii of the bullet 
proper "oi:t ;?x- hi:-l;ond 

HfiL-RF 4 is a srniLr view showi.-ie a still Tvirr sta E e 
m the opercL-on o : !j,e dome, namely just after the hulk, 

H> r . r r r ,rom lht ’ «i:5chnywit hut with the husk 

soil ir t.x- i.tl.ichm-.Tii arv.l momentarily Irapfiiny die rases 

r-ehind ii. * 

fbc subjivi matifx of tbi^ indention ils prime 
unhli in con : k.vi:,m wuh the firing of h.rvk hulkts. Such 
j bisjici ilJu^Uidi-.l ip, i?:ic !r>rjii m ihe dr^-Aine^ ^ nabbed 
J,J l^xero. 
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As ilJi.*>!r:ited i?i HG. f, ibe h.irrel 10 of a rijli:. fur 
I.-. i\ jinv-i kd v»nh suitably hAl-J borr 12 uhJvh 
coinnu niKii fes iGlIi ihc firiiL* ebamhex 

1 h,lk " vonH * sls a cyfjrtdnhial *>U xnei.,1 

■:up 26 which •> nccitcJ «an>und ihc it ailing edge of she 
pm/kii.c piopvi 2K. ihis projecnlc v-ill he made of rmv 
or Uk: .^.•leriaK usu.iiry available for ibis p U!po4 e. ;i ’„j 
•^•sa. o? oj.irvj. m^lude ^i„h as u>ed tn slioi 

s! !, 'V Jt ] c L-,; ma,> "■ various fo,m5. but ;,s 

iiiusiraic... j i» ot cuindneaj iijtri uxid lon’tilL'J n-j|Jy sphi 

W1 eppissite .ides 1 run i its ope,, end to and adja.cn, its 
slose-J fiKl. ui. is ska, from h IG. 3. j h* cup is emnrcil, 
cemented, or Otheru.ve attached to the projec.le rro „.. r 
so ris to torm a uniturv assembly prior to firing 

As •, clear from F1C. 2. the evrejcal diamck-r of the 
cup is properly a. 'justed r.> ihe bore of the rjfic lo four, 
the usua. fiL wlule the ptojectile proper 2» is of ksv.r 
Jinnictcr and cun have d.ikieni foi.-ns. as (or example a 
Ion,; ptvrw or a short point, as illustrate.). Yhe kn^th 
M the cur 2h as w.ll - ( T-ar later, can he considerably 
shor-.cr than woulJ he require J tn tire ruvnul case to pre- 
vrjit w.vl'Ke. icrmng. yawing, and Ihe like. The ^hcTi 
primer h see T 1C,, r, pf course provi.kd with the usual 
cAplus ve . retie r.r v ui>.! firing cap. no; shown. 

In ihe form jUastraicd the tercunaj end 14 of ike bar- 
rel ID is shown of reuuctsl e.-cternal diuincicr and nro- 
vkJcJ with cxlern-l threads by means of which lhe. sleeve 
16 of t,.e kcoi] unci guiding ariachment is secured thejcls, 
by cumjilcjitertary inlcrnal threads. Tn turn, the end of 
the sleeve J* is internally threaded to receive a core or 
nose pkee I* by means of complementary threads, as 
shown. The core 18 is provided with a cylindiicaj pr.s- 

S P BL: - 51 e aA: '' ^ “■hkh lies on the axis of tie bore of 
the barrel. Jhis passage consists of a truncured conical 
-Kctrun .!) and a concentric cylindrical guide bore section 
li. ihc di; merer of the ginde tore section 21 « Jess 
than the diameter of the bore of the barrel and is pref- 
erahly rcu-ted m jt s diameter to the diameter of lhe pro- 
jectile *.3 so as to provide a light press fit therewith. The 
dutmeier of rhe entrar.ee end o# tbe conical portion 20 
is equal to the internal dimeter of the sleeve 3 6. so us 
to form a sample lunsiiion point therewith for a pur- 
pose to h L explained later. The c> I m dr leal guide knre sec- 
tion 22 ot the nose piece preferably h as □ length about 

equal to tbc leoptJi of the bearing surface of lhe bullet 
proper 2B. 

The sleeve | 6 prov.dcd with a scr.es of radial pas- 

2 L* hlCh riov, ' ,c < ^ a P e ' P»ts for the explosive 

,n ^> N* of larinis forms -ojcIi .is 
cyhry.ruul .'pcrturcs. dots, arxl the Jike. and they n, a e 
be ills. minks, m varxilh, p-tlems circumtercntiallv around 
the Sleeve 16 These pcrii 24 correspond io the similai 
t>pc ol pen., i sow wj.lefy esevl in variou, forms .>f nm 
chokes recod clu:iiimo : «. murrle brakes sod thy like, 
and. Of court,-. ,, l1slrie (tu . y |nav ^ maitc 



adjUsuck in the Jisth.^c area. 
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When a firing piece in accordance with this invenlioo 
i$ &rtd the explosive in the cartridge casing is activated in 
the usual manner, generative trcniendcnis gas pressure be- 
fitrvi the httsk 26 con la ini ns lhe projectile 26. llie husk 
bidlet is therefore rapiJfy accelerated dtfwi the barrel 5 

10 rn the usual manner arid moves into the casing formed 
by the sdeeve 16 and ilte core 13 to a condiuon illus- 
trated in FIG. 3. As soon as the husk bullet js released 
frwn the discharge end of the barrel ID, the husk 26 
opens up under the forces attendant at high velocity, sep a- IQ 
Tales sithskatui ally from the projectile 26, ai»d slides along 
the interior surface of the passage in lhe sleeve 16 until 

11 engages Ihe entrance end of lhe conical portion 20, 

S3 illustrated in FKi. 3. This causes the husk to be 
relatively decelerated with respect to the projecrile 26, so 15 
that the projectile progresses cnwardly av an independent 
piece into the passage 22. This passage being accurately 
positioned on the axis of the band and having a light 
press fit idth rhe projectile 28 steadies It, taking away 
from it any wobbling or off course movement that it may 2D 



At the same lime the decelerated husk 26 blocks the 
movement of the explosive gases issusitg from the barrel 
behind it sufficiently to increase iheir pressure. These 
gases therefore tend to discharge through the ports 24 at 25 
an increased vdocity which discharge continues and is 
aided when lhe condition illustrated in FIG. 4 is jeached 
where Ihe husk has been forced into ihc guide bore 22 and 
further lends to block the escape of the gases except 
trough the ports 24. II will be apparent, therefore, that 30 
the minimum of rccod afforded by ibi* device is en- 
hanced by the momentary fottward deceleration of the 
rapidly moving explosive gases am! their re^uliani in- 
creased velocity discharge laterally through the ports 24 . 

Going back il will be seen that as the expanded husk 35 
26 reaches Ihe lapered passa.se 24 ) it will he gradually 
contracted or closed back so its original condition. In 
addition it will he compressed as the force of the gases 
drives it through the guide bore passage 22 . The husk 
being hollow and of soft, deformable, ductile material 
such as copper, for example, can be sipieezed or con- 
tracted sufficiently *0 that it will be forced through the 
guide bore passage 22 and ejected behind lhe projectile 
21 . During the period of compression and ejection of 
the husk the explosive gases will be relatively impeded in ^ 
then forward motion, thereby increasing iheir tendency, 
as previously explained, to being ejected at even higher 
velocities through the ports 24 . 



FIG. 4 integrates another advantage of utilitarian fea- 
ture of the subject matter of this invention: as is well 
known in this art the explosive gases which surround ihe 
trailing edge of the projectile at ibe moment of issue 
from the barrel tend lo engujf ami dis;urb the llighi of 
lhe projectile and lo that extent reduce the accuracy of 
flight. As illustrated in FIG. 4 r Ihe trapping of the ex- 
plosive gases within lhe aUachmcnt by the husk 26, al- 
though momentary, is sufficient to permit the projectile 26 
to gel well storied on its flight before ihc husk is emitted 
and the gases begin to escape. The result is that lilLte if 
any disturbance of the fliglu Df the projectile resuhs from 
these gases. 

In view of the above description of one embodiment of 
Ihis invention illustrating the principles thereof, it will be 
apparent lo those skilled in lhe art that many of the struc- 
tural details herein disclosed can be varied w ithout depart- 
ing from the novel subject mattex of this invention. It is 
preferred, therefore, th<u lhe scope of protection afforded 
hereby be determined by the claim as the selected em- 
bodiment is provided for illustrative purposes only. 

What is claimed is: 

A firearm comprising in combination a projcclflc, an 
expansible, detachable husk secured to said projectile, said 
husk being cup shaped and having an end wall and a 
plurality of integral, separable, curved wall portions, a 
gun barrel having a projectile bore, and a projectile sta- 
bilizing means at lhe exit end of said barrel having an 
apertnred husk and gas confining cylindrical wall form- 
ing a chamber with an interna] diameter greater than that 
of said boxc, said means having a projectile guiding exit 
passage having a diameter less than that of said bore, and 
providing a lighi press fie for said projectile and a com- 
pression fit for sard husk, said means also having a conical 
passage converging into said exit passage and acting lo 
contract said husk for movement through said passage, 
said husk being detached in and expanded into contact 
with the wall of said chamber and being contacted and 
delayed by said conical passage for trailing movement 
through said exit passage behind said pjojccule. 
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APPENDIX F 



RELATIVE LOUDNESS OF DISCREET SOUND PULSES 



Presently there exists no analytical criterion for estimating 
loudness of a transient sound signal from its pressure-time history. 
The usual means of measuring and specifying such signals is by their 
peak SPL’s. Since loudness of a discreet sound signal is also time 
dependent, it is important to re-examine the qualitative significance 
of this dependence. The most reliable and revealing data are to be 
found in the commonly used equal-loudness -level contours for con- 
tinuous pure tones. The frequency range below approximately 
200 cps is of little use here, since the single cycle time periods 
of these tone are well above that to be found in Small arms sound 
signatures. Within the frequency range from 200 to 8000 cps, the 
loudness level (phons) of a pure tone of given SPL is approximately 
independent of frequency. Above this range the loudness level de- 
creases, to a first approximation, directly with frequency. All 
attempts to exemplify the human ear by a dam pec spring -mass system 
seem to fail in explaining the above frequency -loudness relationship. 
However, through inductive reasoning, the whole loudness level spec- 
trum as described above can be reprsented by: 




( 1 ) 



(2) 



P m = peak sound pressure; 
f = pure tone frequency, cps. 

The pressure-time area (Jpdt) of the positive half-cycle of a sinus- 
oidal tone is 
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A = iin = ^Pm (T/2) 

TT f TT 



(3) 



T/2 = l/2f, half-cycle time duration. 

Thus, the loudness levels can be defined in terms of the recurrent 
character of the pure tone i. e. , 



200 < f< 8000, 



f> 8000, 



LL ft* 20 log 



Pm 
. 0002 



(4) 



LL fa 20 log ..ftp* 

. 0002 



- 30 



'Agcoo " A 



Or, in terms of the positive half-cycle time durations. 



200 <f < 8000, 



f > 8000, 



LLfa 20 log Pm 

* 0002 



LL « 20 log 



Pm 

. 0002 ' 



(T / 2) aooo - (T/2) 

(T/2) ... 



(5) 



where 



(T/2) 800 o - 1 / 2(BOOO) = .063ms. 

The last equations indicate that: 

1. Up to approximately 8000 cps, the tone loudness level is 
es sentially equal to peak SPL. 



2. Above approximately 8000 cps, the tone loudness decreases 
almost proportionately to the tone's half-cycle time duration. 

If the same conclusions are applied to the singular sound pulses, 
their loudness levels can be expressed by: 



. 063 ms < t <2.5 LL 20 log 



. 0002 



t < . 063 ms , 



^ “ 20 l0B 7055F - 30 (~ 



.063 - t \ 



(6) 
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where 



t = time duration of the sound pulse in ms. 

This suggests that the loudness level of a sound pulse longer in 
time duration than approximately 0.063 millisecond is numerically 
equivalent to the peak SPL. The loudness level of a sound pulse 
shorter in time duration than 0.063 millisecond decreases approx- 
imately as its time duration. ThiB is partially borne out by the 
records of silencers fired at Frankford Arsenal and partially by the 
widespread tendency to specify transient sounds by their peak SPL. 
Although qualitatively significant, to date the above equations are 
based only on a somewhat boldly assumed analogy between transient 
and continuous sounds. 



It is interesting to note that the ’'loudness level" (phons) is 
not representative of how loud a signal sounds. In other words, the 
loudness of a signal does not double with doubling of number of phons 
The true loudness is represented by Bones, which are related to 
phons by 



L = io* 033{ LL - 40) 



{ 7 ) 



where 



L - loudness in sones. 



From previous analysis, if the sound pulses to be dealt with 
are longer than 0. 063 millisecond, the loudness in sones can be 
represented by, 

L = 10 .O33[(SPL) maI -»] 



033 



max 



- 40 



( 8 ) 



which is dependent only on the peak sound pressure level. A plot 
of loudness (L) vs peak SPL follows. Here may be seen the true 
relationship between peak SPL and how loud the signal actually 
sounds. As an example, a signal of 102 db peak SPL sounds twice 
as loud as a signal of 90 db, since the latter is half the number of 
Sones of the former. 
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Loudness, L (son**) 
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301 229 


30 May 16 


303 306 


2 Jun 17 


314 192 


4 Aug 17 


314 842 


29 Nov 17 


316 274 


25 Oct 18 


317 577 


9 Jan 17 


351 625 


1 Dec 17 


629 404 


9 Apr 36 


665 167 


4 Mar 36 


695 929 


28 Feb 39 


732 487 


20 Apr 38 



Patents - Germany 
Inventor 



C, A. Aeppeli 
R. Schultz 
H. Bandish 

F. Haussner 

A. M. Bow 

B. Gavriloff 

E. K. Kloesz 
W, Kristandt 
P. Schader 
P. Klan 

C. Billerbeck 
P. Schauer 

F. Stendenbach 
B. Hass 

O, Hoffmann 
K. W. Hess, etc 
K. Schenkl 

G. Nothiger, etc, 

W. Altendorf 

H. Eissfeldt 
Sewais Silencers, Ltd, 
K. Rehor 

W. KlauB, etc. 



Title 

Silencer 

Silencer 

Silencer 

Silencer Attachment 

Improved Silencers for Guns 

Gun Silencer 

Gun Silencer 

Gun Silencer Muffler 

Gun Silencer 

Gun Muffler 

Silencer 

Silencer 

Silencer for Small Arms 

Muffler 

Gun Muffler 

Silencer 

Muffler 

Muffler for Pistol 

Muffler 

Muffler 

Absorbtion Material 
Silencer 

Silencer & Muffler 
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Patents - England 



No. 


Date 


Inventor 




Title 


104 399 


21 Feb 17 


E. W. Thompson 


Gun Silencer 





125 148 


17 Apr 19 


D. Sarnia 


Improvements in or Relating to Mortars 
and Like Firearms 


166 851 


28 Jul 21 


J. Taliaferro 


Improvements in Small Arms & Machine Guns 


308 572 


1 May 30 


Coll. Worobjeff, 
D.S.O. 


Improvements in or Relating to Silencers 
in Firearms 


498 775 


13 Jan 39 


F. G. Barnes 


Improvement in & Connected with Attach- 
ment to Firearms 


581 974 


31 Oct 46 


W. A. Kulikowski, etc. 
Patents - Norway 


Improvements in &r Relating to silencing 
of Firearms 


20 302 


3 Dec 08 


H, P r Maxim 


Silencer 


47 405 


30 Apr 28 


Bror Witt 

Patents - Denmark 


Silencer 


35 748 


15 Mar 26 


f . S , A nd e r s on 

Patents - Austria 


Silencer 


41 383 


1 Oct 09 


F, Nemet 


Silencer 
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Patents - Italy 



No. 


Date 


Inventor 


Title 


401 021 


2 Jan 43 


A. B, aTorino 


Silencer 


401 755 


30 Jan 41 


L. M, aCastel 


Silencer 






Verres 




402 478 


10 Mar 43 


E. A. aMadellio Lario 


Silencer 


415 686 


28 Oct 46 


E. G. aBologna 


Silencer 


472 688 


27 Jun 52 


A. T. aGrisolera 


Dissipative Silencer 
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IS. »HTR»CT 



This report presents physical and functional descriptions and acoustical 
evaluation of various domestic and foreign silencers and silenced small arms 
weapons, Included are cross-sectional drawings and external view photographs 
of ail systems tested. An acoustical evaluation of each system is given in the 
form of far field sound pressure-time records. All major constituents of sound 
signatures are identified and time-correlated with their respective sources in 
the system. Additionally, the report presents a record of silencing principles and 
a theoretical analysis of the various noise generating phenomenon. 
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